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Surface  Barrier  Transistors  are  now  avail¬ 
able  from  Sprague  in  production  quantities 
for  general  high  frequency  applications  and 
for  high  speed  computer  switching  cir¬ 
cuits.  Orders  for  the  popular  types  shown 
here  are  shipped  promptly.  They’re  priced 
right . . .  and  their  high  quality  and  excel¬ 
lent  electrical  characteristics  make  them 
the  ideal  solution  to  many  difficult  circuit 
requirements. 

%  Sprague  surface  barrier  tran¬ 
sistors  are  fully  licensed  under 
Philco  patents.  All  Sprague  and 
Philco  transistors  having  the 
same  type  number  are  manufac¬ 
tured  to  the  same  specifications 
and  are  fully  interchangeable.  ^ 
You  have  two  sources  of  supply 
when  you  use  surface  barrier 


2N346/SB103 
for  High  Proquoncy 
Ooclllatoro 


WRITE  FOR  COMPLETE  ENGINEERING  DATA  SHEETS  ON  THE  TYPES  IN  WHICH 
YOU  ARE  INTERESTED.  ADDRESS  REQUEST  TO  THE  TECHNICAL  LITERATURE 
SECTION.  SPRAGUE  ELECTRIC  CO.,  33  MARSHALL  ST.,  NORTH  ADAMS,  MASS. 


SPRAGUE 


TRANSISTORS  •  RESISTORS  •  MAGNETIC  COMPONENTS 
CAPACITORS  •  INTERFERENCE  FILTERS  •  PULSE  NETWORKS 
HIGH  TEMPERATURE  MAGNET  WIRE  •  PRINTED  CIRCUITS 
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2N240/8B8I22 
for  Computor 
Switching 


PROBLEM; 


Quick.  Silent  conversion  of  atomic  sub  crew  quarters 
to  active  battle  station. 


r  SOLUTION:  ^ 


Berths  mounted  on  Grant  Slides  enabling  immediate 
area  "clearing".  ,  /  , 


.  avnrv  inch  of  space 

[n  a  -rform  several 

Ls  required  to  pe  ^ 

functions.  as  living 

station  «ust  personnel, 

quarters  for  recently 

such  was  the  powered 

launched  thir  at^^^^ 
submarine j  the  r>ince 

"«STn%ht  dd 

sleeping  event  of  an 

torpedo  roo..  In  ^e 

enemy  ’  iculy,  to  allow  space 

repositioned  quickly. 

torpedo  roM  » 

detection  by  ^  J  wy  the  Electric 
Slides  .ere  '“f "  S  D,n«tcs 

Boat  Division  of  OenerelW^^^^ 

tor  li  addition  to 

portorn  it  .ell.  ^  3ti,„tly,  the 
operating  qnt  .  sturdy  enough 

Slide  used  “.tagaln  the 

to  support  a  .  proved  the 

(jrant  Slid.  trisiportnnt 

perfect  answer  for  this  i-P 

application • 

Grant  No.  .f^^***® 
i'eSnS  to  So  Ihs./palr 
Courtesy  U  S  of 

oiMrii'oynaslcs  Corporation 


IjjpOjgSTRIAL  SLID®® 
if  High  street , 

_ _ _ 
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B  Power  Supplies 


Model  300  B 

Output— 0  to  :t300  VDC:  Output  Current— 0 
to  150  me:  Regulation  Accuracy— —0.15%, 
or  0.3  volt  if  greater:  Ripple  (MV-RMS)- 
5  maximum.  Series  or  parallel  operation. 
Cabinet  model— 5225. 


Model  610  8 

Output  0  to  —600  VDC;  Output  current— 0 
to  1.0  amp;  Regulation  Accuracy— Fixed 
Line:  :r0.15  volt  for  0  to  full  load  change, 
or  for  Fixed  Load:  d:0.15%  or  0.3  volt  if 
greater  for  105  125  volt  input  change;  Rip¬ 
ple  (MV'RMS)— 4  maximum.  Silicon  power 
rectifier.  Independent  bias  supply  in  addi¬ 
tion  to  filament  currents  (6.3  and  12.6 
VAC).  In  cabinet  model— $670. 


‘ivicii-^cp,  "B  NOB.\TRONS"  bring  a  new  plateau  of  performance 
’SM.r  supplies.  They  provide  full  range  loniiniioiis  voltage  selection, 
Jiiium  rating  at  full  current . . .  and  the  floating  ground 
ije  of  positive  or  negative  polarity  output,  extending  the  versatility 
hied  B  supplies  even  further.  Sorensen's  external  sensing 
[sfovision  assures  close  control  at  the  loatl.  The  current  ranges 
ijils  arc:  0  to  1.^0  milliamps.  and  0  to  1.0  ampere. 

■I  provide  isolated  filament  current  at  6. .3  and  12.6  \  .■\C. 

LSmu  h  brings  all  this  in  light  w  eight,  compact  packages, 

III  cabinet  or  rack  mount — and  at  gratifyingly  low  costs  too! 

4)  representative  for  details  ...  or  write  directly  for  technical  data 


These  tui 


of  these  tko  nu 
HoisinuKli 
Printed  tficuit 


CONTROLLED  POWER  FOR  RESEARCH  ANO  INDUSTRY 


SORENSEN  &  COMPANY,  Inc.  Richards  Avtnut,  South  Norwalk.  Connocticul. 
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Your  Design  h  better  Your  Product  performs  bette 

with  this  /I  jiUTI 
full  line  of  ^ 


Germanium  GLASS  DIODES 


1N95 

1N126 

iN127 


Workini 

Voltaie 

(max.) 

Forward 
Current 
at-l-l  volt 

Ravarsa 

Currant 

V 

mA 

mA  at  V 

150 

60 

80 

500  at  -150 
50  at  -10 

50  at  —  50 

100 

3 

625  at  - 100 

60 

10 

800  at  -50 

60 

5 

50  at  - 10 

100 

3 

25  at  -10 

1N128 

1N191 

IN  198 

1N294A 

1N297A 

1N298A 


Workinf  Forward  Rovotm 

Voltaft  Currant  Currant 

(max.)  al-F-lvolt 
V  mA  «>A  at  V 


40  3  10  at -10 

90  5  25  at -10 

80  5t  75t  at  - 10 

60  5  10  at  - 10 

80  3.5  100  at -50 

70  30*  250  at -40 


•at+2v  tilF5*C 


Germanium  VIDEO  DETECTOR  Diodes 

for  TV  vfdeo  and  portable  radio  application; 
low  capacity  video  detection;  efficiency  controlled  at  50  Me 


Silicon  DIFFUSED  JUNCTION  GLASS  RECTIFIERS 


TYPE 

Peak  Oparatinf 
Vottafa 

-65*C  tp-f-150*C 
Volts 

1N64S 

225 

iN646 

300 

1N647 

400 

1N648 

500 

RavarM  Currant  (Max.) 
in  riA  at  Spacifiad  Voltaga 


I  I00*C 


15 

15 

20 

20 


Silicon  DIFFUSED  JUNCTION  RECTIFIERS 


TYPE 

Peak  Operating 
Vottaga 

-65*Cto-|-165*C 

Volts 

1N538 

50 

1N837 

100 

1NS38 

200 

1NS39 

300 

1N840 

400 

1N109S 

500 

lNS47t 

600 

WIRE  IN  TYPES 


750  250 
750  250 
750  250 
750  250 
750  250 
750  250 
750  250 


STUD  TYPES 


t  Sama  aa  INI096 


TYPE 

Peak  Operating 
Voltage 

-65*C  to-H65*C 

Volts 

1N283 

95* 

1N2B4 

190* 

iN288 

380* 

1N286 

570* 

CK846 

100 

CK847 

200 

CK848 

300 

CK849 

400 

CK850 

500 

CK8S1 

600 

Ravarsa  Currant 
(Max )  at 

Spacifiad  PIV.  2S*C 


All  illustrations  soma  size.  Ratings  at  25‘C  unless  otherwise  indicated. 


1N393  through  1NtS4  available  to  MIL  SpeciRcofiens. 


p.SEMICONDUaOR  DIVISION 

Silicon  and  Germanium  Diodes  and  Transistors  •  Silicon  Rectifiers 


Newton,  Mast . 55  Chapel  St.,  Mgelow  4-7500 

New  Yorks . 589  Fifth  Ave.,  Plaza  9-3900 

Chicose:  9501  Grand  Ave.,  Franklin  Park,  NAtional  5-6130 
lot  Anselets  5236  Santa  Monica  Blvd.,  NOrmandy  5-4221 
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A  I  LAS  ICBM  I’RODUC  I  ION  PUSH  is  seen  in 
plans  to  take  the  'I’itan’s  pure  inertial  guidance 
system  and  put  it  into  Atlas.  Move  indicates 
that  .\nierican  Bosch  .Xrnia’s  pure  i-g  system  is 
good  enough  for  operational  use.  Contracts  for 
Atlas’  secondary  system— GK’s  radio-inertial  with 
Burroughs’  ground-based  computer  system— will 
still  be  completed,  however,  to  back-up  the 
.\tlas  progranv.  Because  of  the  all-ont  .\tlas 
effort,  l  itan  will  fall  back  on  its  secondary  sys¬ 
tem— Bell  Telephone  Uiboratories’  radio-inertial 
—for  initial  flight  tests.  Liter.  .\rma’s  pure  i-g 
will  go  back  into  I  itan.  US.\K  says  both  sec¬ 
ondary  systems  are  satisfactory;  shift  to  self- 
contained  pure  i-g  is  only  to  avoid  electronic 
countermeasures. 

AMI. RICAN  SCMKM  ISI  S  IN  MOSCXm  for  the 
Fifth  ICiV  Congress  said  Russian  data  on  cos¬ 
mic  radiation  encountered  by  the  sputniks 
agrees  closely  with  findings  of  U.S.  satellites 
and  earlier  cosmic  radiation  studies.  McGraw- 
Hill  World  News  correspondent  William 
Coughlin,  who  recently  arrived  in  Moscow, 
re|)orted  that  two  Sosiet  suggestions  have  been 
advanced  on  the  origin  of  low  energy  radiation 
near  the  earth:  (1)  Decay  of  neutrons.  This 
would  result  from  cosmic  rays  slamming  into 
the  earth’s  atmosphere  with  secondary  products 
diffusing  out  and  neutrons  decaying  into  pro¬ 


tons  phis  electrons  with  a  half-life  of  1  3  niin- 
ntes;  (2)  Electrons  from  the  sun  arrive  in  clouds 
of  gas.  Commenting  on  the  similarity  of  this 
to  U.S.  statements.  J.  .\.  Simpson,  University 
of  Chicago  physicist  and  cosmic  radiation  ex¬ 
pert,  said:  “Like  in  zoology,  we’\e  got  a  new 
animal— we’ve  trapjx^d  him— now  we’ve  got  to 
find  out  what  he  is  and  where  he  came  from.” 

NFAN  RF.SIN  BINDINC;  technique  will  Ix'  used 
in  assembling  the  magnets  for  a  6  bev  electron 
accelerator  to  be  completed  in  1960  for  Harvard 
and  .MTT  scientists.  The  S6.s  million  .AFC- 
snpjxirted  machine  will  have  a  jxitcntial  energy 
level  five  to  six  times  that  of  previous  electron 
accelerators.  Flcctrons  will  whirl  around  the 
synchrotron  for  a  sixtieth  of  a  second.  In  that 
time  they’ll  make  10,000  revolutions  and  get 
160,000  accelerating  boosts  from  16  r-f  cavities 
between  the  magnets.  Contract  for  construc¬ 
tion  of  the  612  magnet  cores  has  just  been 
announced  by  Baldwin-I.inia-I lamilton  Corp.’s 
T.ddy.stone  division. 

FFDFRAI.  COMMUNTC.ATTONS  COMMIS¬ 
SION  which  began  vacation  period  this  month 
will  remain  in  recess  until  Sept.  1.  To  handle 
emergency  matters.  Commissioners  Doerfer  and 
Fee  will  be  in  frequent  touch  with  their  offices, 
and  Ixitli  |ilan  to  stay  in  or  near  W  ashington. 


FIGURES  OF  THE  WEEK 

FIGURES  OF  THE  YEAR 

Totals  for  Rrst  five  months 

RECEIVER  PRODUCTION 

1958 

1957 

Percent  Change 

(Source  EIA) 

July  25,  '58 

July  18,  '58 

July  26,  '57 

Recelvinq  tube  sales  . 

.  154,136,000 

185,847,000 

—17.1 

Television  sets,  total . 

. . .  (>0,1(>4 

56,130 

123,522 

Transistor  production  .... 

.  14,894,230 

8,954,000 

-f66.3 

. . .  173,079 

161,756 

49,771 

234,034 

84,394 

Cathode-ray  tube  sales  . . . 

54,653 

.  2,963,741 

3,710,646 

—20.1 

Television  set  production  . . 

.  1,790,840 

2,178,361 

—17.8 

STOCK  PRICE  AVERAGES 

Radio  set  production . 

.  4,186,869 

6,098,951 

—31.4 

(Source:  Standard  &  Poor's) 

July  30,  '58 

July  23,  '58 

July  31,  '57 

2  ^20  633 

Radio-tv  &  electronics  . . . 

50.59 

50  43 

49.23 

Radio  broadcasters  . 

62.20 

62.35 

62.67 

level,  auto)  . 

. .  2,307,610 

2,909.548 

—20.7 
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Success  to  date  of  Operation  Gas¬ 
light,  Defense  Department’s  proj- 
ject  to  investigate  the  physies  of 
missile  reentry,  gives  a  shot  in  the 
arm  to  hopes  for  infrared  systems 
that  ean  deteet  enemy  missiles  at 
useful  distanees. 

Gaslight  makes  use  of  radio- 
metric  and  spectrograph  ic  tech¬ 
niques  to  measure  the  heat  gener¬ 
ated  as  Jupiter  IRBM’s  reenter  the 
atmosphere.  Judging  from  the  re¬ 
sults  of  Jupiter  shots  in  May  and 
July,  infrared  technology  may  pro¬ 
vide  a  valuable  adjunct  to  radar  in 
the  forseeable  future. 

Wide-angle  radiometers  (picture, 
left)  were  designed  especially  for 
the  Gaslight  project  by  Barnes 
Engineering,  Stamford,  Conn.  In¬ 
frared  radiation  at  reentrs’  is  so 
strong  that  the  instruments  occa¬ 
sionally  overload  during  the  half¬ 
minute  or  so  that  the  booster  and 
nose  cone  are  incandescent. 

The  radiometers  are  used  aboard 
observer  ships  down  range  from 
Cape  Canaveral,  some  50  miles 
from  the  missile  as  it  hurtles  into 
the  atmosphere  at  9,000  mph.  At 
this  range,  they  provide  more  ac¬ 
curate  indications  of  size  and  shape 
than  radars  or  optical  detectors  do. 

Infrared  experts  tell  Ei.ectronics 
that  current  useful  detection  range 
of  an  infrared  mosaic  with  an 
efficient  optical  system  is  “over  a 
hundred  miles.”  Continued  im¬ 
provement  of  transducer  sensitivity 
and  optical  efficiency  may  double 
this  figure.  But  useful  data  for 


missile  detection  purposes  must 
start  farther  out  than  500  miles. 

With  present  components,  the 
only  answer  is  to  get  up  above  the 
earth’s  atmosphere  where  both 
masking  background  radiation  and 
locally  generated  noise  drop  to  an 
endurable  minimum,  lliis  is  one 
reason  why  the  Air  Force  is 
seriously  considering  reconnaissance 
satellites  as  part  ()f  its  missile  de¬ 
fense  plan. 

IVpical  firing  of  Jupiter  missile 
from  Cape  Canaveral  on  May  18 
was  picked  up  1,500  miles  away 
northeast  of  Antigua,  B.WM.  As  it 
reentered  the  atmosphere  at  9,000 
mph,  it  immediately  turned  white 
hot,  “perceptibly  illuminated’’  the 
observer  ship,  remained  visible  for 
24  seconds,  then  dived  into  a  large 
cumulus  cloud  and  lit  the  cloud  up. 
Brightest  of  the  three  parts  of  the 
missile  (booster,  instrument  com¬ 
partment  and  nose  cone  assenrbly, 
which  is  designed  to-  protect  the 
nuclear  payload)  was  the  l)(M)stcr. 
At  one  point  the  booster  appeared 
to  be  1,000  times  brighter  than 
the  planet  Jupiter,  across  which  it 
flashed. 

A  sp>ccial  panoramic  spectral 
camera  analyzed  visible  portions  of 
the  sjjcctrum  emitted  bv  the  incan¬ 
descing  bodies,  and  motion  pic¬ 
ture  cameras  recorded  their  trajec¬ 
tories.  ITie  spectral  camera  was 
gyro-stabilized  to  reduce  roll  and 
pitch  effects,  used  a  cluster  of  six 
aerial  rccon  cameras  equip|K‘d  with 
spectral  gratings. 


Navy  Telecasts 
From  82,000  ft 

Recorobre.sking  manned  balloon 
flight  on  July  27  was  highlighted 
by  the  first  television  broadcast 
from  the  inner  fringe  of  sp;>cc. 

Primary  purpose  of  the  54-hour 
overnight  flight  was  to  test  the 
scaled  cabin  system  which  will  go 
aloft  again  in  November  to  take 
pictures  of  Mars. 

Chief  pilot  on  the  flight  was 
Cdr.  Malcolm  Ross  of  the  Office 
of  Naval  Research,  llis  copilot  was 
Lee  Lewis,  head  of  balltM)n  flight 
op)crati()ns  for  Winzen  Research, 
Minneapolis,  which  developed  the 
gondola  and  the  plastic  Skyhook 
balloon.  'Flic  two  men  broke  the 
stratosphere  endurance  record  of 
32  hours  set  last  fall  by  US.\f’  bal- 
hM)nist  Lt.  Col.  David  Simons. 

Ilie  ball<M)n  flight  was  one  of 
ONR’s  Stratolab  program  (F.i.ec- 
■iRONics,  p  24,  Jan.  10).  Besides 
rehearsing  for  the  November  flight 
and  testing  the  gondola,  the  flight 
aimed  to  observe  atmosphere  heat- 
transfer  characteristics,  check  gen¬ 
etic  effects  of  stratospheric  environ¬ 
ment  on  insect  life,  study  human 
factors,  evaluate  reconnaissance 
techniques  with  conventional 
photographic  and  tv  equipment. 

I'or  the  latter  tests,  the  two  bal¬ 
loonists  transmitted  from  their  peak 
altitude  of  82.000  ft  pictures  of  the 
sky,  the  balloon  itself,  the  cabin’s 
interior  and  each  other. 

Telecast  used  a  Dagc  itv  camera 
and  a  broadbanded  radar  trans¬ 
mitter  mrxlificd  for  the  purpose 
by  Navy’s  Johnsvillc  (Pa.)  labora¬ 
tories.  Picture  was  transmitted  on 
uhf  at  475  me  on  a  broadbanded 
quarter-wave  stub  suspended  six 
feet  below  the  gondola. 

Navy  and  W'inzen  Research 
picked  up  the  transmission  with  a 
12-clemcnt  lx.‘dspring  array  at 
Fergus  Falls,  Minn.  Tv  station 
KSTP,  Minneapolis,  put  the  trans¬ 
mission  on  the  air  locally  and  was 
“swamped  with  calls,”  according 
to  a  Navy  spokesman,  asking  for 
repeat  telecasts.  'Ihc  picture,  sent 
through  98  percent  of  earth’s 
atmosphere  and  over  1 50  miles,  was 
“startlingly  clear.” 

CoHtiHued  on  page  12 


Infrared  Scans  Reentry 

But  it'll  be  a  while  before  l-R  systems  are  used 
as  part  of  missile  warning  networks 
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EED 

RELIABLE 

POWER? 


MOOfL  MIR  636  15 

r  6  3e  VOLTS  @  15  AMPS 

OTHER  RATINGS  AVAILABLE 

MODEL  NUMBER  D.C.  OUTPUT  RATING 

MTR28  10 

24  32  Volts  9  10  Amps 

MTR28  30  . 

24  32  Volts  9  30  Amps 

MTR28  100 

24  32  Volts  9  100  Amps 

MTR060  1 

0  60  Volts  9  I  Amp 

MTR060  5 

0  60  Volts  9  5  Amps 

MTR636  30 

6  36  Volts  9  30  Amps 

NOW: 

PERKIN  TRANSIENT  FREE  DC  POWER  SUPPLIES  WITH 
PROVEN  RELIABILITY  •  ■  . 

feature  the  rugged  dependability  of  magnetic  amplifiers 
combined  with  the  precise  regulation  of  transistors  in  a 
unique  power  supply  circuit  eliminating  load-damaging  over¬ 
shoots. 

For  further  information  contact  your  local  representative 
listed  below  or  wire  factory  collect. 


ENGINEERING  CORPORATION 

345  KANSAS  ST.,  EL  SEGUNDO,  CALIF. 

ORegon  8-7215,  EAstgate  2-1375 


NEW  YORK  AREA  OFFICE 
HUnter  2-8608 
CHICAGO.  ILLINOIS 
RAIisaO*  6-6824 
SEATTLE.  WASHINGTON 
PArkwty  3-9000 


SAN  FRANCISCO.  CALIF. 

EMtnon  9-33M 
CLEVELANO.  OHIO 
REdwooO  2-7444 
DHROIT.  MICHIGAN 
HO  8  2461 


SYRACUSE.  N.Y. 

Gibson  6-0220 
PHOENIX.  ARIZONA 
AMhorst  5-0274 
ORLANDO.  FLORIDA 
CH  1-2128 


SAN  DIEGO.  CALIF. 

ACidomy  2-7516 
ATLANTA.  GEORGIA 
CEdar  7-7801 
DAYTON.  OHIO 
CHaptI  4  5551 


LBUqUERQUE 
8  1724 


.  NEW  MEXICO 


MINNEAPOLIS.  MINNESOTA 
Midway  6  2621 

NEW  ENGLAND  AREA  OFFICE 
MUrdock  3-3252 


LOS  ANGELES.  CALIF. 

HO  9-7294 
DENVER.  COLORADO 
ALpino  5-1196 
CANADA 

AXminstar  3-7011 
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Design  better  products 


as  the  main  coil  form  in  their  AN/SRT-14, 
15.  16  radio  transmitting  set.  Laminate  is 
tubular,  5-62"  dia.,  wound  with  .064"  silver 
wire.  Primary  reason  for  specifying  silicone- 
glass:  low  loss  factor  at  high  frequencies. 


TYPICAL  PROPERTIES 
OF  SILICONE  GLASS-LAMINATES* 


Flexural  Strength,  psi 

at  25C  . 

24,000 

at  260C  after  100  hr  ai  260C 

4,600 

Water  Absorption,  percent  .  .  . 

0.05 

Electrical  Strength,  volts  mil 

initial  . 

310 

after  200  hr  at  260C  .  .  . 

327 

after  5000  hr  at  260C  .  .  . 

180 

Dielectric  Constant  at  10*  cycles 

Condition  A’ . 

367 

Condition  Di . 

3.68 

Dissipation  Factor  at  10*  cycles 

Condition  A’ . 

.002 

Condition  Dt . 

.004 

*  As  measured  on  samples  1/8  inch  thick. 
’  As  received. 

J  After  24  hr  immersion  in  water  at  23C. 


Laminates  made  with  glass  or  asbestos  cloth  and  Dow 
Corning  silicone  resins  make  excellent  dielectric  materials. 
These  strong,  lightweight  laminates  maintain  their  prop¬ 
erties  at  continuous  operating  temperatures  of  250  C  .  . .  for 
short  periods  will  withstand  greater  heat.  Silicone-glass 
laminates  have  good  mechanical  strength  in  addition  to 
low  loss  factor,  low  water  absorption,  superior  resistance 
to  arcing,  corona,  corrosive  atmospheres  and  contaminants. 
They  can  be  laminated  in  very  thin  sections;  have  fine 
machinahility.  Supplied  as  tubes,  sheets,  punched  or  molded 
shapes  by  leading  laminators.  Write  for  free  booklet. 


yi$il  Don'  Corninfi'g  Booth  ,\o.  lOf  at  the  I9!i8  U  ESCOM  Show 
Lot  Angeles  Pan  Pacific  Aiiililorium — .-lug.  19  •  22 


first  in 
silicones 


Dovi/  Ooming  corporation 

MIDUAND,  MICHIGAN 


CIRCLE  6  READERS  SERVICE  CARD 
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Dow  Corning  Silicone  Dielectrics 


Soothw»>lern  Indusrnol  Electronic'!  S-IA  Geophone 


SILICONE  COMPOUNDS 
SEAL  OUT  MOISTURE 

Highly  effective  as  dielectrics,  Dow  Corning 
compounds  are  easy  to  apply.  They  provide 
protection  against  arcs,  grounds,  shorts  .  .  . 
improve  surface  resistivity.  These  silicone 
compounds  retain  their  properties  from  — 75 
to  200  C.  Employed  as  filling,  potting,  or 
coating  materials  for  various  types  of  elec¬ 
tronic  gear,  they  seal  out  moisture,  increase 
reliability,  retain  their  initial  grease-like 
consistency. 


by  Tru-O^m  D'visioo  of  Model  Engineering 
ond  Mongfocturmg  Co 


SILICONE  VARNISH  MAKES 
IMPROVED  RESISTOR  CEMENT 


Heat-stable  and  exceptionally  moisture- 
resistant,  Dow  Corning  varnishes  make 
very  giHid  landing  cements.  In  addition, 
they  can  take  fairly  high  loadings  of 
inorganic  fillers  without  loss  of  prop¬ 
erties.  An  appropriately  filled  Dow 
Corning  varnish  is  often  far  superior  to 
conventional  materials  for  sealing  wire 
wound  resistors  and  other  electronic 
devices.  Set-up  time  is  good. 


WIRE  COVERING  OF  SILASTIC 
INSULATES  FROM  -90  to  250  C 

Here  Is  a  resilient  dielectric  that  keeps  its 
properties  from  — 90  to  250  C.  Silastic®,  the 
Dow  Corning  silicone  rubber,  forms  a  dur¬ 
able,  moisture  resistant  coating  for  wire, 
cable,  and  other  electronic  and  electrical  com¬ 
ponents.  It  resists  arcing,  corona,  ozone, 
weathering,  corrosive  atmospheres,  and 
many  fuels  and  solvents.  Meets  MIL-W-8777 
specifications.  Availalde  from  leading  wire 
manufacturers. 


Wiring  panel  (or  Convoir  B-58  Huitler. 


For  further  information  on  these  products  write  Dept.  488 
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Decoder  Shows 
Plane  Number 


X'lSUAi,  nKCODF.R  (abovc)  auto¬ 
matically  identifies  bv  number  or 
letter  specific  aircraft  seen  onlv  as 
a  blip  on  the  controller’s  ground 
radar  screen. 

I'll  rough  use  of  a  high-speed 
switching  tube  and  a  numerical  in¬ 
dicator  tube,  called  Nixie— capable 
of  visuallv  displacing  either  digits 
or  letters — the  innoiation  would 
end  time-consuming  identification 
of  cn  route  and  approaching  air¬ 
craft. 

.'Mxiut  the  size  of  a  portable 
radio,  the  unit  works  in  conjunction 
with  comcntional  radar.  Kmploy- 
ing  a  full  360  degrees,  search  and 
recognition  radar  systems  cstab^ 
lish  contact  with  all  aircraft  within 
range  and  altitude  of  the  svstems. 

Hie  search  radar  transmits  a 
pulse  which  strikes  the  aircraft  and 
is  reflected  back  to  the  radar  re¬ 
ceiver.  llie  pulse’s  return  then  is 
displayed  on  a  ppi  scope. 

Almost  simultaneously,  the 
recognition  radar  interrogates  the 
airborne  transponder  which  auto¬ 
matically  transmits  a  binary-coded 
pulse  train  which  has  been  pre- 
assigned  to  the  aircraft.  Received 
by  the  recognition  radar,  the  pulse 
train  is  routed  to  the  decoder. 

To  enable  the  controller  to  ac¬ 
cept  one  binary-coded  pulse  train 
while  rejecting  all  others,  a  “light 
gun,”  or  electronic-eve,  is  placed 
against  the  face  of  the  ppi  scope 
over  the  target  blip.  Tliis  opens 
the  circuit  to  the  decoder.  ’I’hus, 
an  aircraft  can  be  singled  out  by 
the  controller,  fed  to  the  decoder, 
and  displayed  on  the  numerical 
indicator  tube. 

The  beam  switching  tube  that 
unscrambles  the  transponder  signal 


WASHINGTON  OUTLOOK 

I'he  N.viion.xl  Aeronautics  and  Space  .Administration  will  become  an 
important  goxernment  contracting  agency  in  electronics— for  both  space- 
related  research  and  procurement  of  specialized  hardware. 

'I’hc  new  civilian  space  agency  absorbs  the  43-year-old  National  .Ad¬ 
visory  Committee  on  .Aeronautics  and  will  open  shop  within  the  next  j 
two  months.  Unlike  NACA,  which  never  went  into  electronics  work 
extensively  and  had  extremely  limited  private  contracting  activities, 
the  new  agency  will  have  money  to  supptjrt  a  broad-gaged  program 
of  electronic  research  and  development. 

■Among  the  general  research  fields  map|X‘d  out  by  the  new  agency’s 
planners:  space  communication,  navigation  and  guidance;  flight  simu- 
j  lation;  and  measurement  and  observation  techniques. 

Electronics  figure's  prominently  in  one  specific  research  project  NAS.A 
would  like  to  start  as  quickly  as  possible:  the  development  of  a  satellite 
'  carrying  into  orbit  an  astronomical  telescope  and  auxiliary  television 
equipment,  to  send  close-np  views  of  stars  and  galaxies  back  to  earth.  , 

I  .According  to  insiders  at  N.AC.A,  the  space  agency  will  not  build  up  , 
j  a  large  staff  and  facilities  for  electronics  and  other  new  fields.  Instead,  | 
i  the  agency  will  rely  on  research  and  production  facilities  in  private  com-  I 
panics  and  institutions.  Military -operated  installations  with  available  | 
I  capacity  may  also  be  tapped  for  civilian  space  research. 

N.AS.A  is  set  up  to  plan,  direct  and  conduct  research  and  development 
in  the  nonmilitarv  phases  of  space— that  is,  basic  astronautical  research 
and  development  of  scientific  space  craft.  The  Defense  Dept.,  through 
its  Advanced  Research  Projects  Agency  (which  in  turn  fanns  out  work 
to  the  individual  services)  will  continue  work  on  space  projects  directly- 
tied  to  military  requirements. 

P’or  the  current  fiscal  year,  N.AS.-\  will  have  a  budget  of  S289.9  mil¬ 
lion.  Included  is  a  SI  17-million  fund  to  be  transferred  from  the 
I  Pentagon’s  .ARP.A  which  had  started  nonmilitary  space  research  pending 
i  the  creation  of  the  new  agency.  I'.xamplcs:  satellite  tracking  and 
!  monitoring  svstems  and  meterological  rep>orting. 

I 

•  Success  of  multiplexing  on  f-m  channels  has  brought  alxrut  a 
slow— but  significant— growth  in  f-m  broadcasting.  For  the  first 
time,  the  Federal  Communications  Commission  is  receiving 
competing  applications  for  f-m  channels  in  certain  locations. 

Three  vears  ago,  FCC  permitted  f-m  stations  to  engage  in 
certain  nonbroadcast  services  made  possible  by  multiplexing, 
services  for  which  they  could  charge,  at  the  same  time  they 
were  broadcasting  their  regular  programming  to  f-m  home  re¬ 
ceivers.  Hence,  f-m  stations  arc  on  the  rise,  with  some  100 
authorized  for  nonbroadcast  services. 

Another  possibility:  stereophonic  broadcasts.  FCC  approved 
the  test— to  end  Oct.  31— by  WBAI-FM,  New  York,  of  a  com¬ 
patible  multiplex  stereophonic  system  dcvcloix'd  by  Croslcy. 
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Puzzled  by  ground 
loop  problems?  How  to  rescue 
microvolt  signals 
from  volts  of  noise? 


WHY  KIN  TEL’S  DIFFERENTIAL 
DC  AMPLIFIERS  FIT  IN  INSTRUMENTATION  SYSTEMS 


1 60  db  DC,  1 20  db  60  cycle  common  mode  rejection  with  balanced  or 
unbalanced  input  ■  Input  completely  isolated  from  output  ■  Input  and 
output  differential  and  floating  ■  5  microvolt  stability  for  thousands  of 
hours  1.05%  linearity,  0.1%  gain  stability  ■  Gain  of  10  to  1000  in 
five  steps  ■  >5  megohms  input,  <2  ohms  output  impedance  ■  120 
cycle  bandwidth  ■  Integral  power  supply 

These  are  just  a  few  of  the  many  outstanding  features  of  the  Model 
1 1 4A  differential  DC  amplifier . . .  features  that  make  this  amplifier 
really  work  in  instrumentation  systems... features  that  will  help  solve 
your  instrumentation  problems  today. 

Ideal  for  thermocouple  amplification,  the  1 14A  eliminates  ground  loop 
problems;  allows  the  use  of  a  common  transducer  power  supply;  per¬ 
mits  longer  cable  runs;  drives  grounded,  ungrounded  or  balanced  loads, 
and  can  be  used  inverting  or  non-inverting. 

For  additional  information  and  technical  literature  on  this  exceptional 
instrument,  write  or  call  kin  tel  -  the  world’s  largest  manufacturer  of 
precision,  chopper-stabilized  DC  instruments. 


K.IN  TEL  INA 
differential  DC  amplifiers 
. . .  convenient,  interchange¬ 
able  plug-in  mounting  in 
cither  6-amplifier  19*  rack 
mount  modules  or  single¬ 
amplifier  cabinets. 


5725  Kearny  Villa  Road,  San  Diego  H,  Calif. 

Phone:  BRowning  7-6700 
Representatives  in  all  major  cities 


A  OivisiM  ol  CotHi  Eltetronics  toe. 


CIRCLI  •  RIADERS  SERVICE  CARO 
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into  proper  sequence  for  the  indi¬ 
cator  tube  operates  at  the  rate  of 
onc-inillionth  of  a  second.  Capable 
of  operating  at  10  positions,  the 
vacuinn  tube  can  be  switched  from 
one  position  to  another  in  a  micro¬ 
second.  The  indicator  tube  lights 
up  w  ithin  20  to  sO  millionths  of  a 
second. 

The  decoder  was  developed  bv 
Burroughs  and  is  now  undergoing 
final  testing  at  .\RDC’s  W'right  Air 
Development  Center. 

Big  Stereo 
Push  Coming 

CHICAGO — L.vsr  month’s  con¬ 
vention  of  the  National  .\ssociation 
of  Music  Manufacturers  here  in¬ 
dicated  that  stereo  is  slated  for  con¬ 
siderable  fall  promotional  activitv. 

Of  25s  exhibitors,  more  than 
one-quarter  displayed  stereo  equip¬ 
ment.  One  trend  appears  to  lx;  the 
“add-on”  package  which  some 
manufacturers  are  turning  out. 
These  are  packaged  stereo  record 
plavers  including  either  dual-chan¬ 
nel  amplifiers  with  a-m/f-m  tuners, 
or  single-channel  amplifiers  with 
provisions  for  adding  a  second 
plug-in  channel  later  on. 

One  system  displaced  features  a 
transistorized  lovv-jX)vver  two-stage 
transmitter  built  into  the  record 
player.  The  signal  of  one  stereo 
channel  is  converted  to  a-m  and 
broadcast  within  the  room  to  a  con¬ 
ventional  a-m  radio  for  creation  of 
the  stereo  effect. 

number  of  magnetic  tape  svs- 
tems  were  displaced. 

In  general,  convention  opinion 
has  not  yet  crystallized  on  matters 
of  sales  information.  Tire  relatively 
short  time  span  during  which  stereo 
has  been  on  the  market  has  not 
been  enough  to  allow  manufac¬ 
turers  to  determine  whether  this 
fall’s  sales  will  be  heavier  in  one- 
package  or  building-block  systems. 
No  conclusive  opinions  regarding 
future  sales  of  stereo  conversion 
kits  were  voiced. 

Mcanvv»hile,  in  New  York,  spokes¬ 
men  for  tape  recording  firms  con¬ 
firmed  that  they  are  preparing  for 
production  and  distribution  of  four- 
track  stereo  tapes  this  fall. 


MILITARY  ELECTRONICS 


•  Big  boost  in  electronics  ac¬ 
tivity  will  result  from  Republic 
.\viation’s  new  S55  million  R&'D 
program.  Company’s  new  R&'D 
center  will  work  in  three  areas:  high 
speed  aircraft,  missiles  and  space 
craft.  Six  R&’D  laboratories  will 
divide  their  activities  into  space 
environment  studies,  reentrv  simu¬ 
lation  and  aerodynamics,  materials 
development,  guidance  and  control 
and  advanced  fluid  systems  de¬ 
velopment.  One  project  is  the 
study  of  the  problems  involved  in 
sending  a  man  to  the  far  side  of 
the  moon  and  back.  Next  step  after 
that.  Republic's  vice  president 
.\lexandcr  Kurtvcli  says,  will  be  to 
land  a  man  on  the  moon. 

•  Federal  Ciovemment  is  now 
empowered  bv  the  new  Civil  De¬ 
fense  Aid  bill  to  supply  the  states 
with  up  to  S55  million  a  vear  for 
radiological  instruments,  detection 
dev  ices,  gas  detection  kits  and  other 
defense  equipment. 

Michigan  has  already  been 
granted  SI. 5  million  to  finance  half 
the  cost  of  a  microwave  radio  net¬ 


work  covering  the  entire  state  for 
use  in  case  of  atomic  attack. 
Normal  usage  of  the  svstem  will  be 
allowed  the  highway  dept.,  state 
police  and  the  department  of  con¬ 
servation.  Two-vvav  radio  communi¬ 
cations  svstem  for  the  highwav  de¬ 
partment  will  also  Ix'  set  up. 

•  Aniiv  exjxcts  wide  com¬ 
mercial  as  well  as  militarv  applica¬ 
tion  for  its  electronic  earphone  that 
shuts  out  noise.  How  noise  is  can¬ 
celed  is  aetuallv  accomplished  hv 
adding  more  noise.  Inside  the  ear¬ 
phone  are  two  noise  canceling 
units.  One  picks  up  the  undesired 
outside  sound.  This  is  fed  through 
an  inverter  which  changes  its  phase 
ISO  degrees.  I'he  inverter  output 
then  feeds  a  tinv  louds|xaker  in¬ 
side  the  earphone  to  cancxl  the 
ambient  noise  that  gets  into  the 
earphone.  Low  pitched  sounds  arc- 
trapped  by  special  foam  cushioning. 

Silence  synthesizers  resulted 
from  earlv  noise  reduction  exjxri- 
ments  conducted  at  RCA.  .\pplica- 
tion  of  the  concept  to  earphones 
was  conceived  by  the  .\rmy. 


More  Uses  for  Cat  Eye 


Three  moons  of  Jupiter,  with  a 
partiallv-obscured  fourth  moon  at 
right  of  planet,  were  photographed 
(above)  by  an  electronic  light  am¬ 
plifier  called  Cat  Eye. 

Coupled  with  a  10-in  refracting 
tclcscopx,  the  device  (shown  on 
table  above)  enables  W'right  Air 
Development  Command  scientists 
to  take  previously  impossible  day¬ 
time  photographs  of  planets  and 
stars. 

The  dev  ice  senses’  and  amplifies 


the  always  present — though  not 
alwavs  seen  by  the  human  eye — 
photons,  packets  of  energy  which 
appear  as  light.  .\  transducer  re¬ 
ceives  the  photons  and  transforms 
the  information  into  electrical  im¬ 
pulses.  riicsc  impulses  arc  further 
amplified  before  reproduction  on  a 
cathode  ray  tube. 

Besides  telescopic  photographs, 
this  light  amplifier  has  Ix-cn  tcstexl 
for  night  time  aerial  reconnais¬ 
sance.  Although  it  works  on  tv-like 
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The  Hughes  silicon  capacitor  is  a  new  kind  of  device  whose  full 
impact  upon  semiconductor  electronics  has  yet  to  be  determined. 
Most  certainly,  the  silicon  capacitor  uncovers  an  entire  realm  of 
possibilities.  Desirable  equipment  not  now  existing  can  be  made 
for  the  first  time.  And,  in  every  instance,  bonus  benefits  of  reduced 
sue  and  weight  plus  greater  simplicity  result. 


Our  brochure,  "The  Hughes  Silicon  Capacitor,"! 
discusses  this  series  and  many  of  its  applications 
in  detail.  For  your  copy,  please  write; 

Hughes  Products,  Semiconductor  Division, 
International  Airport  Station,  Los  Angeles  45,  Calif. 


WESCON  Exhibits  booths  1401-2. 


Some  Suggested  Applications: 

Non-Mechanical  Tuning:  The  effect  upon  tuned  circuit  design  is 
tremendous.  Hughes  silicon  capacitors  replace  bulky  air  con¬ 
densers  and  permit  remote-control  tuning  at  the  end  of  a  long 
wire.  With  these  capacitors,  instantaneous  and  non-mechanical 
"signal  seeking"  features  can  be  designed  into  tuned  circuits. 

Automatic  Frequency  Controls:  Here  the  silicon  capacitors  re¬ 
place  a  reactance  tube.  Output  voltage  from  the  discriminator 
varies  the  voltage  on  the  silicon  capacitor  — hence,  the  local- 
oscillator  frequency— to  correct  for  any  frequency  drift. 

Dielectric  Amplifiers:  Operation  is  based  on  the  amplitude  mod¬ 
ulation  of  a  high-frequency  carrier  source  by  a  Hughes  silicon 
capacitor,  and  on  the  subsequent  demodulation  and  filtering  at 
the  output. 

Also:  Pulse  Circuits,  Frequency  Modulation,  RC  Oscillators, 
Modulators,  Electronically  Controlled  Filters. 


Creating  a  new  world  with  ELECTRONICS 


HUGHES  PRODUCTS 


— H51i — 
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FINANCIAL  ROUNDUP 


•  Acoiistica  Associates,  Mineola. 
N.  Y.,  acquires  Cleneral  Ultrasonics 
of  Hartford,  Conn.,  through  ex¬ 
change  of  stock.  The  Mineola  firm 
gave  2  >,872  shares  of  its  coininon 
stock  in  payment  for  all  outstand¬ 
ing  General  Ultrasonics  stock. 
.\coustica  stock  was  recently 
traded  in  o\cr-thc-countcr  markets 
at  about  $10.  General  Ultrasonics 
will  be  operated  as  an  .\coustica 
subsidiaiy  under  present  manage¬ 
ment.  I  hc  combined  firm  now  em- 

I  ploys  2>0  and  cx|x'cts  to  increase 
!  this  number  to  400  bv  end  of 

I  19 >8.  The  merger  combines  .^cous- 
i  tica’s  marketing  and  prcKluction 

I  facilities  in  the  ultrasonie  field  with 
GU’s  research  and  development 
abilities. 

•  Vietoreen  Instrument,  Cleve¬ 

land,  Ohio,  authori/cs  redemption 
on  .\ugnst  20  of  $100,000  faee 
amount  of  eompanv’s  $700,000  of 
outstanding  6-jx-rccnt  comertible 
delxntures.  due  Nov.  I  >,  1967. 

Redemption  price  is  $10>  per  dc- 
Ixnture  plus  interest  to  .\ugust  20. 
Debentures  are  comertible  into 

eommon  stock  at  price  of  $^.>> 
per  share  until  Nov.  1  >,  1962. 

Stock  was  recentlv  traded  at  4? 
on  the  ,\meric'-an  Stock  Kxchange. 
Debentures  were  being  quoted  at 
1>?  bid  and  Hb  asked  on  the 
o\er-thc-eountcr  market  at  press 

I  time.  Cleseland  firm  manufactures 


radiation  instruments  and  clec- 
tronie  component^. 

•  I  lupp  Corix>ration,  Cle\  eland, 
Ohio,  .sells  its  electronics  division 
which  produced  quart/,  crystals, 
cadmium  sulfide  cells  and  elec¬ 
tronic  switching  devices  at  plants 
located  at  Forest  Park.  111.,  and 
Carlisle.  Pa.  “Profit  |X)tentials  did 
not  justifv  the  capital  expenditures 
necess;ir\  to  expand  to  the  le\el 
necessarv  for  profitable  operations.” 
explains  Don  II.  Gearhart,  presi¬ 
dent  of  Hupp.  Die  newly  incor¬ 
porated  Pie/o  Crystal  Companv  of 
Carlisle,  Pa.,  purchased  the  Car¬ 
lisle  factors.  ,\s  tliis  issue  went  to 
press,  no  information  was  available 
on  disposition  of  the  Forest  Park 
plant. 

•  .\dsaiice  Industries,  Cam¬ 
bridge.  Mass.,  purchases  all  out¬ 
standing  st(xk  of  F.lectroli/.iiig 
Coqj.  of  Rhode  Island  and  its  six 
subsidiarv  and  affiliated  companies 
for  cash  and  otlier  considerations. 
Ihe  acquired  firm  and  its  corpor¬ 
ate  familv  is  engaged  in  special 
process  treating  of  metals  and 
ceramics,  and  bonding  of  ceramics 
to  plastics.  The  missile-aircraft  in- 
dustrv  is  an  important  customer. 
Advance  Industries  manufactures 
ultrasonic  equipment,  electronic 
and  electrical  automation  controls 
and  computer  equipment. 


principles,  the  optical  amplifier  is 
about  1,000  times  more  sensitive 
than  a  conxcntional  t\'  camera. 

M'estinghouse  and  RCA  have 
both  worked  on  light  transducers, 
according  to  AR13C. 

Waveguides  Form 
Ship-Radar  Lens 

Dki.mls  of  Britain’s  giant  ship- 
borne  lype  984  radar-compnter 
system  for  detecting  targets  and 
directing  fire  were  resealed  b\-  Fleet 
Admiral  Mountbatten  at  the  sum¬ 
mer  meeting  of  the  British  Insti¬ 
tute  of  Radio  Faigineers  in  London. 

4  hough  cost  of  the  984  was  not 
gi\en.  Mountbatten  did  make  a 
comparison  of  tlic  cost  of  electronic 
equipment  in  ships  of  the  19L8  era 
and  those  of  todav: 

1S.1S  Ifl.SS 

FriRate/ 

llfstro.ver  $11,200  $33fi.0nfl-$420,000 

Crul.ser  .  .  .  $.3fi,000  $1,440,000 

Aircra  ft 

carrier  . .  $33,fiO0  over  $2.S00.000 

Now  in  o|X'ration  on  Britian’s 
aircraft  carrier  H.M.S.  \4'ctonons, 
eye  part  of  the  984  is  a  resolving 
stabilized  microwave  lens  weighing 
>0J  tons,  made  up  of  hundreds  of 
sliort  sections  of  different  length 
waseguidcs  stacked  togetlier  like  a 
honcvcomb. 

The  lens,  which  has  an  F  \alnc 
of  1 ,  sends  out  a  number  of  narrow 
pencil  beams.  One  of  these  is  fixed 
in  elevation  and  provides  the  long 
range  warning  while  the  others 
make  a  coordinated  scin  of  \arious 
sections  of  the  target  area  as  the 
rotating  structure  resolves. 

I'hc  radar  antenna  unit  sends 
impulses  to  an  electronic  computer 
ssstem  in  the  superstructure  of  the 
ship.  An  elaborate  displav  ssstem 
processes,  stores  and  filters  the  in¬ 
formation  so  that  it  can  be  dis¬ 
played  in  an  easily  intelligible  form. 
Range,  height,  bearing,  spx'cd  and 
course  arc  all  provided  and  pre¬ 
sented  for  easy  use  by  a  system  of 
electronic  writing.  Numbers  and 
symbols  required  for  identifying 
targets  and  for  other  purposes  are 
written  electronically  oh  the  dis¬ 
play  tubes  themselves.  'Iliis  is 
achieved  by  a  combination  of  dif¬ 
ferent  waveforms  to  produce  Lissa- 


jous  characters  of  the  required 
sha|X'. 

.\n  intercept  computer  works  out 
for  the  control  officer  a  presenta¬ 
tion  of  where  and  when  his  fight¬ 
ers  will  intercept  or  miss  tlieir 
targets  if  thev  continue  on  his 
present  directions,  which  were  also 
computed  for  him. 

I’hc  equipment  uses  about  10,- 
000  tubes.  100,000  other  compo¬ 
nents  and  2?0,000  soldered  joints, 
with  27  >  slip  rings  providing  con¬ 
nections  to  the  revolving  structure. 
Marconi  is  responsible  for  the  mod¬ 
ulator.  transmitter  and  accompany¬ 
ing  indicator  circuitry. 


Audio  Will  Star 
At  British  Show 

Britain’s  Radio  Industry  Council 
will  hold  its  2>th  National  Radio 
Show  at  F’,arls  Court,  London,  from 
August  27  to  SeptcmlxT  6. 

Audio  equipment  will  have  a 
hall  to  itself,  with  some  4?  firms 
demonstrating  their  gear  in  sound¬ 
proof  rcKinis.  Flxhibits  and  demon¬ 
strations  will  include  microphones, 
speakers,  amplifiers,  phonograph 
components,  disk  and  tape  record¬ 
ers.  Audio  gear  accounts  for  20 
percent  of  Britain’s  radio  exports 
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-from  SYLVANIA 

Pioneering  new  concepts— Everywhere  in  electronics 


IN  BASIC  TUBE  DESIGN 


Double  triode,  type  7244,  and  sinfle  triode,  type  7246 

Stacked  mount  in  gloss  bulb  offers  practical  onswers 
to  industry’s  current  needs 


Sylvania’s  stacked  mount 
structure  is  now  available  to  de¬ 
sign  engineers  because  of  a  new 
glass  envelope  design  that  facili¬ 
tates  mass  production  of  the 
tubes.  Complete  electrical,  me¬ 
chanical  and  environmental  tests 
show  that  the  new  tube  is  capable 
of  meeting  the  highest  require¬ 
ments  of  today’s  operational 
equipment.  Its  unique  stacked 
construction  offers  an  inherent 
ruggedness  and  reliability  for  su¬ 


perior  vacuum  tube  performance. 
Actual  test  data  comparing  the 
stacked  structure  with  conven¬ 
tional  structures  indicates  as 
much  as  a  2  to  1  improvement  in 
vibrational  output  at  6  times  the 
G  level. 

The  new  stacked  tube  has 
already  excited  tremendous 
military  interest.  Eventually  an 
entire  line  will  be  available 
for  military  and  industrial  ap¬ 
plications. 


A  Cutaway  view 
r  the  Framelok  design 


Widespread  interest  in  Sylvania’s 
exclusive  Framelok  design  fosters 
new  type  development 

Accelerated  development  of  new  Framelok 
tube  typee  is  underway  at  Sylvania  as  a 
resvilt  of  fast -growing  acceptance  of  the 
revolutionary  design  shown  for  the  first  time 
at  the  1958  IRE  Convention. 

Design  engineers  are  already  analyzing 
new  circuit  requirements  in  terms  of  the 
Framelok  design.  New  application  possibili¬ 
ties  ranging  from  television  to  audio  are 
developing  rapidly. 

Behind  this  widespread  acceptance  are 
these  basic  reasons  why  designers  prefer  the 
Framelok  design  over  conventional  types: 

•  Greater  uniformity  of  electrical  character¬ 
istics  in  tube  after  tube  •  Greater  stability 
of  electrical  characteristics  during  tube  life  • 


Less  change  in  electrical  characteristics  due 
to  element  temperatures  at  high  dissipation 
levels  •  Better  control  of  cutoff  •  Lower 
knee  voltage — more  uniform  control  of  knee 

•  Less  chance  for  shorts,  microphonism  and 
noise  •  Better  plate-to-screen  current  ratio 

•  Higherscreen  grid  dissipation  •  Lessarcing. 


Send  for  your  free  copy  of 
Sylvania’s  new  Framelok 
Grid  Booklet,  including  a  grid 
sample,  for  full  information 
on  the  electrical  and  mechan¬ 
ical  characteristics  of  the 
F'ramelok  design 


Entertainment  receiving  tubes  are 
subjected  to  military-type  Inspection 
procedures 

These  two  mounts  may  look  alike  to  the  un¬ 
trained  eye  .  .  .  but  trained  inspection  per¬ 
sonnel  can  spot  defects  in  one  (left)  that 
could  cause  future  trouble.  All  Sylvania 
entertainment  tube  types  must  pass  this 
visual  mount  inspection  procedure  based  on 
that  used  for  military  types.  As  a  result 
equipment  manufacturers  enjoy  fewer  line 
rejects,  lower  manufactxiring  costs. 


SYLVANIA  SETS  THE 

Srand  Standard 


Life  tests  on  subminiatures 
are  increased  to  insure 
maximum  reliability 


Sylvania  increases  the  life  assur¬ 
ance  on  its  premium  subminia¬ 
ture  tube  line  by  increasing  its 
life  test  program  from  500  to 
1,000  hours.  The  increase  estab¬ 
lishes  additional  positive  proof 
of  the  high  reliability  and  excel¬ 
lent  performance  of  the  submin¬ 
iature  tube  line. 


Gold  Brand  types  meet  miaaile  requirementa 

Gold  Brand  Premium  Guided  Missile 
types  withstand  severe  durability  tests 

Every  tube  type  in  Sylvania’s  Gold  Brand 
Guided  Missile  line  meets  environmental  test¬ 
ing  more  severe  than  that  required  in  many 
advanced  military  specs.  Each  type  is  sub¬ 
jected  to  severe  vibrational  fatigue  tests  at 
sweep  frequencies  from  30  cps  to  3000  cps  at 
10  G’s  for  6  hours  in  several  standard  positions. 

All  Gold  Brand  Sylvania  subminiature  tubes 
undergo  the  White  Noise  Test.  The  tubes  are 
subjected  to  a  white  noise  vibrational  spec¬ 
trum  covering  the  frequency  band  of  100  to 
5000  cps.,  the  rms  G-level  is  2-3  G’s  |)er  octave 
with  peak  G-level  of  15  G’s.  The  tubes  are 
tested  for  both  rms  and  peak  vibrational  out¬ 
put  and  limits  are  established  on  each. 

6946  . MMluffi’Mw  Trfod* 

6947  . M«dlum-Mw  DawM*  Trl«d« 

6946 . Hi9h-Mw  D»w6l«  THmI* 

67I6 . $K«rp  frp pwwcy 

6943  . Sharp  cutoff  RF  Pontodo 

6944  . Somi'Romoto  cutoff  RF  Powtodo 

6945  . Audio^Fro^uoocy  Room  Pofitodo 


Gold  Brand  Subminiatures  undergo 
1,000-hour  life  teats 


Gold  Brand  types  meet  rigid  new  apecificationa 


Sylvania  writes  new  Gold  Brand  Specs  for  commercial 
and  industrial  applications 


To  meet  your  needs  for  reliable 
tubes  in  commercial  and  indus¬ 
trial  equipment,  Sylvania  has 
written  new  specifications 
which  tailor  military  standards 
to  commercial,  and  industrial 
requirements.  Some  of  the  typi¬ 
cal  controls  specified  for  Gold 
Brand  tubes  include  Multiple 


Life  Tests  ranging  from  500  to 
1,000 hours.  Impact  Shock  Tests 
of  up  to  500  G,  Fatigue  Tests, 
Vibration  Tests,  Glass  Streun 
Tests  and  Variable  Control 
Tests. 

The  following  are  the  12  Gold 
Brand  types  on  which  full  speci¬ 
fications  are  available: 


airnome  computer  use  ts  type  Type  6814  for 
6814.  Fully  proven  in  current  mMile  computer* 
operational  equipments  the 
tube  features  controlled  sharp  cutoff  and  zero 
bias  plate  current  for  good  switching  action. 
It  exhibits  exceptional  freedom  from  develop¬ 
ment  of  cathode  interface  throughout  life. 

The  100%  Production  DC  shorts  test  as 
well  as  a  standard  AC  shorts  test  on  type  6814 
minimizes  the  possibility  of  flicker  shorts — 
assiuing  greater  reliability  in  this  tube’s  many 
applications,  particularly  in  switching  and 
triggering  circuits.  In  addition,  it  withstands 
a  minimum  1000-hour  life  test. 

You  can  get  the  complete  engineering  story 
on  Sylvania’s  Gold  Brand  Lines  in  the  new 
33-page  Gold  Brand  booklet. 


Typ» 
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New  five-inch  experimental  evaporated  phoaphor  CRT 

IN  NEW  TRANSPARENT  PHOSPHOR  TUBES... 


Experimental  five-inch  evaporated  phosphor  CRTs  offered 
for  applications  research  and  development 


New  recj'iving  tube  types 


IN  NEW  TUBE 
TYPES . . . 


Five  new  types  are  added  to  the 
receiving  tube  line 


Typs  12DV8  —  DesiKned  for  12-volt  auto 
radios,  this  9-pin  miniature  double-diode, 
spare  charge  grid  tetrode  can  be  used  as 
a  combined  detector,  AVC  rectifier  and 
transistor  driver.  The  tetrode  section  has 
the  advantage  of  low  Hp  for  better  tran¬ 
sistor  matching. 

Type  12EG6 — 'Phis  tube  is  designed  pri¬ 
marily  for  use  in  12- volt  auto  radios  as  an 
KK  amplifier.  It  is  a  7-pin  miniature  dual 
control  Heptode  with  a  unipotential  cath- 
mle.  AVC  voltage  can  be  applied  to  two 
control  grids  reducing  hack  biasing  of  the 
AVC  line  with  large  HK  signals. 

Type  12DZ6-T  his  miniature  [lentode  has 
a  remote  cutoff  to  give  a  Cm  of  .'iO  umhos 
at  a  bias  of  10  to  12  volts  for  improved 
AC('  characteristics  in  hybrid  radio  re¬ 
ceivers.  'Phe  plate  resisUince  of  15,000 ohms, 
coupliHl  with  a  Cm  of  .'1600  umhos,  insures 
high  performance  in  weak  signal  areas. 
Type  12DU7— T  his  9-pin  miniature  double 
diode- tetrt)de  can  be  used  as  a  transistor 
driver  in  addition  to  functioning  as  a  de¬ 
tector  and  AVC  rectifier  in  hybrid  auto 
receivers,  in  this  multipurpose,  low-cost 
tul>e,  power  output  distortion  is  controlled 
to  a  maximum  of  5%. 

Type  12DV7 — A  double  diode- triode  for 
use  in  12-volt  hybrid  auto  radios.  With  a 
12- volt  plate  supply  the  triode  features  a 
plate  current  of  7.50  ua,  a  mu  of  15  and  a 
Cm  of  1000  umhos.  The  dicxles  feature  a 
separate  cathode  connec-tion  for  maximum 
flexibility  in  detector  and  AVC  circuits. 


Steady  progress  is  being  made  in 
the  development  of  evaporated 
( transparent )  phosphor  cathode-ray 
tubes  at  Sylvania.  Now  5-inch  and 
other  small  tubes  are  being  pro¬ 
duced  and  are  available  for  experi¬ 
mental  purposes. 

High  industry  interest  in  evapo¬ 
rated  (transparent)  phosphor  tubes 
is  centered  around  the  major  bene¬ 
fits  the  tubes  offer  over  conventional 
CRT  8.  Among  the  more  important 
characteristics  are: 


•  Highsr  rstolution — Transparent 
screens  are  capable  of  higher  resolu¬ 
tion  than  conventional  settled  screens 
because  the  phosphor  crystals  are 
smaller  by  many  orders  of  magnitude. 
Video  displays  with  sharper  definition 
are  possible. 

•  Improved  contraxt  in  high  ambient 
light  conditions — Transparent  phos¬ 
phors  permit  outside  light  to  pass 
through  the  “screen”  cutting  reflec¬ 
tion  to  a  minimum.  This  characteristic 
is  highly  important  where  scopes  must 
operate  in  high  ambient  light. 

•  Minimum  Scroon  Noito  Hei'ause 


evaporated  phosphorcrystals are  much 
smaller  than  those  in  conventional 
coatings,  screen  noise,  the  interplay 
of  light  reflections  on  the  crystal  faces, 
is  reduced.  The  result  is  sharpest  pos¬ 
sible  definition. 


•  Moro  Uniform  Light  Output — The 

phosphor  coating  on  evaporated  screen 
CRTs  issome  lOtimesasthinasstand- 
ard  coatings.  This  smooth  screen 
coating  contributes  to  far  greater  uni¬ 
formity  in  light  output. 


•  Lost  Scroon  Burn — Transparent 
phosphor  tubes  offer  better  resistance 
to  screen  burning  because  the  crystals 
are  closer  to  the  glass  faceplate.  This 
allows  better  heat  dissipation  and 
cooler  operation. 


Since  all  of  these  advantages  are 
not  available  in  a  single  evaporated 
phosphor  tube  design,  it  is  neces¬ 
sary  to  specify  which  characteristics 
are  most  important  for  the  intended 
application.  Send  full  information 
on  your  particular  application  when 
you  request  experimental  samples. 
Write  to  Sylvania  direct  or  call 
your  Sylvania  representative. 


BUSINESS  REPLY  CARD 

Pint  Oau  Pmnnit  No.  2833  Soc.  34.9  P.LAK.,  Buffalo  9.  N.Y. 


f2DV8 
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SYLVANIA  ELECTRIC  PRODUCTS  INC. 
1100  Main  St. 

Buffalo  9,  N.Y. 


In  Industrial  Television 


Special  CRT  is  specifically  designed  for 
industrial  TV  monitor  use 

Now,  higher  fidelity  in  industrial 
television  is  possible  with  new  cath¬ 
ode-ray  tube,  type  8FP4.  It  gives 
added  definition  and  resolution  to 
industrial  television  performance. 

Type  8FP4  is  an  8'  rectangular  all¬ 
glass,  magnetic  focusing  tube  with 
an  ion  trap  and  90°  magnetic  de¬ 
flection. 

New  test  picture  tube  speeds 
receiver  production  line  testing 

A  new  8'  110°  test  picture  tube, 
type  8YP4,  is  specifically  designed 


for  television  receiver  and  picture 
tube  testing.  Its  small  size,  light 
weight  and  convenient  shape  make 
it  the  ideal  production  line  t^t  tube. 

The  8YP4  is  equipped  with  a  con¬ 
ventional  base  and  a  convenient 
adaptor  for  conversion  to  a  rigid  pin 
base.  It  has  built-in  automatic  elec¬ 
trostatic  self-focusing  making  exter¬ 
nal  focus  connections  or  adjustments 
unnecessary.  It  employs  a  6.3  volt, 
600  ma  heater  that  will  also  operate 
in  450  ma  series  heater  strings. 


New  ITV  monitor 


In  Industrial  and  Military  C-R  Tubes  In  Television  Picture  Tubes 


Sylvania  combines  the  advan¬ 
tages  of  110*  deflection  and 
450  ma  heater  in  three  new 
picture  tubes 

Sylvania,  trend  setter  in  electron-tube 
design,  has  developed  new  110°  picture 
tubes  incorporating  the  450  ma  6.3  volt 
heater.  The  new  tubes,  types  17CTP4, 

21DHP4  and  24AQP4,  combine  the 
space  savings  of  110°  tubes  with  the 
power  and  cost  advantages  of  450  ma 
heaters.  The  low  power  heater  not  only 
reduces  heat  with  total  set  power  sav¬ 
ings  of  approximately  18  watts  but  per¬ 
mits  use  of  a  lower  wattage,  less  expensive  series  resistor. 
The  end  result  is  a  line  of  picture  tubes  that  meet  the  needs 
of  new  portable  and  console  TV  receiver  designs. 


ENew  high-precision  scope 
tubes,  types  5ADP, 
5ABP,  and  5AQP,  were 
developed  for  photog¬ 
raphy,  radar  and  special¬ 
ized  uses 

Sylvania  again  expands  its  line 
of  s|>ecial-purpose  industrial 
and  military  cathode-ray  tubes 
New  CRT  type  6ADP2  with  a  series  of  high-precision 
types  designed  for  specialized 
uses.  These  tubes  incorporate  a  high-precision  electron 
gun  made  to  ultra-fine  tolerances.  Sharp  clean  scope  pres¬ 
entations  result  for  high-precision  photography. 

The  new  tubes,  types  5ADP,  5ABP,  and  5AQP,  are 
available  in  screen  phosphors  ranging  from  PI  to  Pll. 


Type  24AQP4  with 
450  ma  heater 


LIGHTING  •  TELEVISION  •  RADIO  •  ELECTRONICS  •  PHOTOGRAPHY 


Please  send  the  following  information  on  the  items  checked  below: 

ENGINEERING  DATA  SHEETS 
Receiving  Tubes  Cathode-Ray  Tubes 

□  7244  □  5ABP 

□  7245  □  5AQP 

□  12DV8  □  5ADP 

p  □  12EG6  □  8FP4 

►  □  12DZ6  □  8YP4 

□  12DU7  □  17CTP4 

□  12DV7  □  21DHP4 

□  24AQP4 


D  Sylvania  Framelok  Grid  Booklet 
D  Sylvania  Gold  Brand  Booklet 
O  Additional  explanation,  and 
application  requirement  form 
for  Sylvania  transparent 
phosphor  CRT  s 


Use  this  handy 
business  reply  card 
to  request  additional 
information  on  these 
important  new 
Sylvania  developments 


Name 


Address. 


Company. 
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Modernize  Now 
for  Growth  and  Profits 


A  Special  Report  from  McGraw-Hill 
to  America's  Business  Execulii'es 


Thk  editors  of  all  McGraw-Hill  j)ublications  are  now  devoting 
their  full  energies  to  documenting  what  needs  to  be  done  now 
to  assure  success  in  the  1960s  for: 

1.  Individual  companies  in  the  key  areas  of  business  and  industry 
these  ])ublications  serve 

2.  The  business  community  as  a  whole 

3.  The  nation  — in  its  fateful  economic  competition  with  the 
Soviet  Union.  The  U.  S.  State  Department  has  characterized 
this  economic  challenge  as  “the  most  dangerous  of  all” 
confronting  us. 

These  editorial  features  will  concentrate  on  what  can  he  done  now 
by  modernization  and  inijn'ocement  of  plant  and  eijuipment  to  raise 
productivity  and  insure  profitable  growth  ahead.  They  will  ai)pear 
early  this  fall  in  our  34  business  and  technical  magazines, 
to  a.ssist  industry  in  planning  for  the  future. 

We  believe  this  special  editorial  undertaking  by  all  of 
our  i)uhlications.  working  as  a  team,  will  ju-ove  another  landmark 
in  our  continuing  efforts  to  si>eed  America  on  the  road  to  full 
economic  recovery  and  sustained  economic  growth. 

PRESIDENT 
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and  the  U.  S.  is  her  best  ciistonier. 

New  stcreophonie  records  and  a 
studio  for  stereophonic  tape  record¬ 
ing  will  be  shown. 

'Ilicrc  will  be  160  exhibitors  in 
all.  of  which  ^6  arc  radio  and  tv 
setinakcrs.  More  of  the  following 
will  be  in  evidence  this  vear: 
portable  and  transportable  t\  re- 
ceisers;  t\  .sets  equippx-'d  to  receive 
vhf/f-in  sound  broadcasting;  re¬ 
ceivers  using  transistors  and  printed 
circuits.  Some  emphasis  will  be 
given  to  export  models. 

Manufacturers  of  tubes,  com¬ 
ponents,  test  and  measuring  gear 
arc  exhibiting,  and  the  Royal  Navv, 
Royal  Air  Force  and  the  General 
Post  Office  will  show  some  of  their 
applications  of  electronics. 

Wescon  Offers 
Timely  Panels 

LOS  ANGELES— M'kscon  wants 
to  learn  your  \icwpr)int  next  week. 
W  ith  increased  emphasis  on  panel 
discussions,  greater  audience  par¬ 
ticipation  is  solicited  in  technical 
sessions  at  the  Ambassador  Hotel 
here.  Ilie  consention  starts  Tues¬ 
day,  ends  Eridav. 

Insited  panelists  for  rcliabilih' 
.sessions  include  civilian  experts  on 
Thor  and  Atlas,  and  a  militarv  rep- 
re.sentativc  from  .\RDC.  Office  of 
.Assistant  Secretary  of  Defense  is 
furnishing  the  moderator  and  dis¬ 
cussion  will  center  around  con¬ 
tract  implications  of  rcliabilitv  re¬ 
quirements  for  militars’  electronics. 

Panelists  will  point  out  whv  re¬ 
liability  must  encompass  far  more 
than  just  manufacturing  phase. 
Tliey’ll  discuss  significance  of  re¬ 
cently  rewritten  militan-  specs,  and 
the  hpe  of  system  companies  need 
to  cojx;  with  new  requirements. 

Cospofisorcd  by  IRE  medical 
electronics,  and  telemetering  and 
remote  control  professional  groups, 
another  panel  will  explore  measure¬ 
ment  problems  created  by  man’s 
imjxnding  conquest  of  space. 

To  date,  the  medical  profession 
and  allied  biophssical  and  phvsio- 
logical  scientists  base  sohed  most 
of  their  own  measurement  prob¬ 
lems.  Now,  they’ll  have  to  relv 
largely  on  telemetering  equipment 


and  iKTSonnel.  Existing  gear  is  not 
adequate  for  all  jobs,  and  panelists 
hope  that  a  delineation  of  prob¬ 
lems  will  result  in  dexelopmcnt  of 
necessarv  equipments  and  tech¬ 
niques. 

Radio  to  Run 
Traffic  in  N.  Y. 

Tr.m  l  ie  COM  KOI.  authorities  in 
New  York  reccntlv  announeitd  a 
plan  which  may  mean  expenditures 
as  high  as  SZOO.OOO  a  vear  solely 
for  radio  equipmeut  to  control 
traffic  signal  lights.  The  plan  calls 
for  an  installation  program  that  will 
continue  indefiuitelv  until  all  major 
thoroughfares  in  greater  New  York 
arc  provided  with  radio  criutrol 
equipment. 

First  phase  expenditure  of  S190,- 
000  is  now  Infore  the  citv  Ixiard  of 
estimate  for  approval.  Sum  would 
be  used  for  regulating  a  six-mile 
portion  of  a  major  roadwav  in  the 
Queens  Conntv  section  of  the  citv.  * 
Completion  of  the  installation  is 
expected  bv  next  summer. 

Here’s  how  the  svstein  w  ill  work: 
.\  transmitter  will  be  constructed  in 
each  of  the  five  boroughs.  Ihc 
stations  will  initiate  signals  govern¬ 
ing  operation  of  the  traffic  lights  in 
accordance  with  IS  "programs” 
prepared  to  cover  a  varictv  yf  traffic 
situations.  These  will  Ix'  derived 
from  prepared  punch  cards  and 
broadcast  in  the  9s2  to  960-mc 
band. 

Each  traffic  light  in  the  system 
will  contain  a  receiver  which  will 
respond  to  signals  intended  for  it. 
New  York’s  director  of  intersec¬ 
tion  control  tokl  Ei.f.ci  ronics 
this  will  probablv  lx  done  by  a 
three-pulse  svsteni.  I  he  first'  two 
pulses  will  govern  gcograjjhic  loca¬ 
tion  bv  street  and  intersection.  The 
third  pulse  will  cause  the  light  to 
displav  the  required  signal. 

Economies  |X)ssible  with  the 
radio  control  system  make  traffic 
experts  feel  there’s  hojx  of  ap¬ 
proval  for  expenditures.  Present 
networks  to  control  traffic  lights, 
which  average  about  10  to  the  mile, 
c-ost  New  York  about  SsO.OOO  a 
mile.  Radio  system  costs  about 
SI  5.000  a  mile. 


MEETINGS  AHEAD 


Aug.  19-22:  Western  F.leetronie  Show 
and  Convention.  WF.SCON,  IRF, 
W’CF.M A.  Pan  Pacific  .\nditorinm, 
Xinliassador  Motel.  L. 

Aug.  19-22;  Pacific  Cicneral  Meeting, 
\IF,K,  Senator  Motel,  Sacramento, 
Calif. 

Aug.  26-Sept.  6:  Hritish  National  Radio 
Show,  Radio  Industry  Council.  Farls 
Court.  London. 

Sept.  9-11:  .\pplied  Mcterorology  h.iigi- 
ncering.  Second  National  Conf., 
Univ.  of  .Mich.,  .\nn  .\rbor. 

Sept.  10-12:  I  nlx  T  echniques,  l  onrth 
National  Conf.,  .Advisory  Group  on 
Klectron  T'nbes,  OSIT,  Western 
Union  .Xnditorinm,  N’.Y.C. 

Sept.  12-D:  Connnnnications  Conf., 
IRF,  Sheraton  Montrose  Motel, 
Cedar  Rapids.  Iowa. 

Sept.  15-19;  riiirteeiith  .Aiinnal  Instrii- 
inent'.Aiiditoriiiin  Conf.  and  Flxhibit, 
ISA.  Philadelphia  Convention  Mall, 
Pa. 

Sept.  18-19;  .National  .\smx.  of  Broad¬ 
casters,  hall  Conf.,  Buena  N'ista 
Motel.  Biloxi,  Miss. 

Sept.  22-24;  .National  Syniposiinn  on 
I  eleinetering.  .Aniericana  Motel.  Mi¬ 
ami  Beach,  and  Patrick  .Air  force 
Base  (Sept.  2s). 

Sept.  24-25;  Industrial  F.lectronics, 
Seventh  Anmial  Conf.,  IRFi.  .MF.F., 
Rackham  Memorial,  Detroit.  Mich. 

Sept.  29-(kt.  5:  .Audio  Kngineering  So¬ 
ciety,  iPtli  Annual  Conv.,  Motel 
New  A'orker.  N  Y.C. 

Oct.  1-2:  Radio  Interference  Reduction, 
U.S.  Ariiiv  Signal  Research  &•  Devel. 
labs..  IRI'.,  Armour  Rewarch  Fonn- 
dation,  Chicago,  111. 

Oet.  6-8:  Svniposiuni  on  Extended 
Range  ami  Space  Coniniunications, 
IRF  and  Cieorge  AA  ashingtoii  Univ., 
I.isner  Auditorium,  AA'ash,  D.C. 

Oet.  8-10:  IRF.  Canadian  Convention 
and  F.xposition,  F.lectronics  and  Nu¬ 
cleonics,  Exhibition  Park,  Toronto, 
Canada 

Oet.  15-15;  .National  F.lectronics  Conf., 
14th  Annual.  Motel  Sherman,  Chi¬ 
cago. 

Oet.  20-21:  .Aero  Coniniunicatioiis 
Svniposiuni,  Fourth  National,  PGCS, 
liotel  Utica,  Utica.  New  York. 

Oet.  20-21:  US  A  National  Coimnittec, 
URSI  Fall  Meeting,  Penn  State 
Univ.,  University  Park,  Pa 
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If  you  can  use  custom  quality 
at  commercial  prices 


-then  check  on 


HUDSON 


4-Stage 


HUDSON  precision  quality  metal  components 
are  produced  by  cost-reducing  mass 
production  methods.  The  HUDSON 
production  department  is  equipped 
with  batteries  of  standard  and  special 
presses  ranging  up  to  300  tons. 

HUDSON  performs  a  wide  range  of 
operations  to  meet  your  needs. 


4  STANDARD  PRECISION  DRAWN  INSTRUMENT  CASES 


MIL-T-27A  CLOSURES  FROM  AF  TO  OA 


standardized  cases  include  over 
1400  different  sizes,  with  both 
inside  and  outside  covers,  in  six 
standard  metals.  Hudson  offers 
the  engineer  a  range  of  closures 
unequalled  in  the  industry 


Cases 

and  covers  now  offered  by 
HUDSON  from  types  AF  to  OA 
inclusive.  Immediate  shipment 
from  large  stock  supplies.  Cover 
assemblies  to  MIL-T  speci¬ 
fications  also  available. 


COMPLETE  SERVICE  ON  MU  METAL  FABRICATION 


HUDSON'S 
newly  installed  10  station 
automatic  presses  speed 
production  on  your  transistor 
caps.  Closures  for  transistors. 

diodes  and  other  miniature 
components  to  specifications. 


HUDSON 
is  now  able  to  supply  MU  Metal 
closures  in  all  standard  sizes 
and  shapes.  Stock  supply 
assures  prompt  delivery. 
Consult  HUDSON  on  all  your 
electrical  alloy  requirements. 


WOqO  -f 

0  ^ 


HUDSON  service  is 
complete .  includes  sheet 
metal  fabrication,  spot  welding, 
heliarc  'welding  and  silver  solder¬ 
ing.  HUDSON  designers  and  pro¬ 
duction  engineers  will  be  happy  to 
help  work  out  your  problems. 

HUDS^Na 

TOOL  &  DIE  CO  •  INC^ 

18-38  Malvern  Street,  Newark  5,  New  Jersey 
Telephone-MArket  3-7584  Teletype-NK  1066 


Export  Fabrication  in  Stool.  Stainless  Steal.  Aluminum.  Brass.  Copper  and  MU  Metai  ' 
Precision  Metal  Components  for  Electronics,  Nucleonics,  Avionics  and  Rocketry 


CIRCLE  13  READERS  SERVICE  CARP 


rfMlOH 


Where  there  must  be  no  slipups 
there  will  be  no  slipups 

-  if  you  depend  on  CAMBION® 


Looking  for  reliability? 

CAMBION  guarantees  its  compo¬ 
nents  unconditionally  —  in  any 
quantity  from  one  to  millions. 
CAMBION  quality  control  includes 
material  certification,  step-by-step 
inspection  in  production,  and  finally 
rigid  insi)ection  of  finished  product. 
There  is  reliability  for  you. 

For  samples,  specifications,  and 
prices,  write  to  &les  Engineering 
Department,  Cambridge  Thermionic 


Corix)ration,  437  Concord  Avenue, 
Cambridge  38,  Ma.s.s.  West  Coast 
stocks  maintained  by  E.  V.  Roberts 


&  As.sociates,  5068  West  Washing¬ 
ton  Blvd.,  I.,os  Angeles  16  and  1560 
I.aurel  Street,  San  Carlos,  Calif. 


CAMBRIDGE  THERMIONIC  CORPORATION 


j 


rtment,  Cambridge  Thermionic  Makers  of  guaranteed  electronic  components,  custom  or  standard 

See  CAMBION  Guaranteed  (Components  on  Display  at  Booth  1139,  1958  Weseon  Show,  Pan  Pacific 

Auditorium,  Los  Angeles,  August  19  through  22. 
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CAMBION  QUALITY 
KNOBS  AND 
PANEL  HAPDWARE 

Selected  materials, 
carefully  processed 
and  tinLshed.  Metal 
parts  |x>lished  before 
plating.  Hard-wear¬ 
ing  surfaces,  lasting 
lusters. 


IS  READERS  SERVICE  CARO 


CAMBION  QUALITY  DIODE  CLIPS 


S«-ven  different  ty|H-s,  including  rivet  and 
spring-loaded  units  primarily  for  holding 
fragile  pigtail  leads  from  .005'  to  .085"  in 
diameter.  Also,  on»'-,  tbr«“e-,  and  five-cell 
battery  cli|)s  and  miniature  plugs  and 
jacks. 


CAMBION  QUALITY  TERMINAL  BOARDS 


Custom-made,  standard  all-sets,  standard 
ceramics.  V'aru-ty  of  materials  available  — 
pa|}«*r,  cl<»tb,  nylon,  glass  laminates  — 
nbenolic,  melamine.  e|M>xy.  silicone  resins. 
Moisture-  and  fungus-pr(M>fed. 


CAMBION  QUALITY 


KITS 


Design  your  elec¬ 
tronic  equipment 
around  standard 
components,  using 
four  convenient 
CAMBION  kits:  C.'oil 
Form  Kit.  Coil  Kit, 
Clioke  Kit.  Solder 
Terminal  Kit  (illus- 
tratt“d). 
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This  letter  moved  an  engineer  ahead  5  years 

Two  years  ago  a  man  took  10  minutes  to  write  this  letter.  Today  he  enjoys  the 
responsibility  and  professional  standing  in  the  Autonetics  Division  of  North 
American  that  might  have  taken  5  years  to  achieve  elsewhere. 

COMPUTERS  AT  AUTONETICS -A  FIELD  OF  OPPORTUNITY 
At  Autonetics  we  have  concentrated  on  developing  original  techniques 
in  transistor  circuitry,  miniaturization,  and  quantity  manufacture  of 
precision  components.  For  only  with  these  new  arts  is  it  possible  to 
create  computers  so  small,  rugged,  reliable— yet  so  big  in  performance 
—that  they  can  meet  the  demands  of  the  space  age  or  the  increasingly 
complex  problems  of  industry. 

Our  engineers  have  designed  and  built  both  analog  and  digital  com¬ 
puters— for  inertial  navigation,  bombing-navigation,  armament  con¬ 
trol,  flight  control  and  data  processing  equipment.  Out  of  this  experi¬ 
ence,  Autonetics  built  the  first  transistorized  digital  computer  of  true 
general  purpose  capacity. 

Today  at  Autonetics  there's  a  respected  combination  of  scientists, 
engineers,  and  production  men  constantly  forging  ahead  into  vital  new 
technologies.  Every  state  of  the  art  is  represented,  from  preliminary 
conception  right  through  manufacturing.  Facilities  are  the  finest  — and 
it's  just  a  short  jaunt  to  mountains,  beaches  or  desert. 

You  owe  it  to  yourself  to  consider  how  far  you  can  advance  by 
entering  this  exceptionally  promising  field  right  now.  Here  are  the 
opportunities: 

LOGICAL  DESIGN  •  SMALL  COMPUTER  PROGRAMMING  •  SYSTEMS 
DESIGN,  DEVELOPMENT  AND  TEST  •  TRANSISTOR  CIRCUITRY  • 

MAGNETIC  MEMORY  •  SYSTEMS  INTEGRATION  •  FIELD  SERVICE 
ENGINEERING. 

Write  your  letter  today.  Please  include  a  resume  of  your  qualifications. 

Decide  now  to  investigate  your  opportunities  at  Autonetics.  Reply  will  be 
prompt,  factual,  confidential. 

Write  B.  H.  Penning,  Manager,  Employment  Services. 

9150  E.  Imperial  Highway,  Downey,  California 

Autonetics 

A  DIVISION  OF  NORTH  AMERICAN  AVIATION,  INC  ^ 

NERVE  CENTER  OF  THE  NEW  INDUSTRIAL  ERA 
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A  truly  flexibla 
air- dielectric  cable 


m 


At  the  zero  second  everything  must 
function  without  failure.  Andrew 
Heliax  cable  is  used  in  postassembly 
and  preflight  checkouts  of  missile  ra¬ 
dio  frequency  systems.  The  cable  forms 
a  closed  circuit  over  which  interroga¬ 
tion  and  response  signals  are  transmit¬ 
ted  between  checkout  equipment  and 
airborne  radio  frequency  packages.  The 
Heliax  cable  runs  from  a  mobile  trailer 
to  connecting  points  on  the  missile. 


The  ruggedness  of  Heliax  makes  it 
well  suited  to  this  challenging  task, 
where  its  low  VSWR,  low  RF  leakage 
and  low  attenuation  give  accurate 
measurement  of  systems  performance. 
Flexibility  permits  the  cable  to  be 
taken  down,  recoiled  and  subsequently 
reused  many  times. 

If  you  require  similar  characteristics 
in  a  cable,  consider  the  special  advan¬ 
tages  of  Heliax. 


Heliax  is  normally  supplied  as  an 
assembly,  complete  with  end  fittings 
factory  attached,  reducing  installation 
labor  and  improving  quality. 

Complete  uniformity  throughout  its 
entire  length  gives  Heliax  superior 
electrical  characteristics. 

Heliax  is  always  less  difficult,  less 
costly  to  install,  easier  to  handle. 

Heliax  is  available  in  %  "size  (IVpe 
HO)  and  P/s"  size  (Type  HI). 


ANTENNAS  •  ANTENNA  SYSTEMS 


VISIT  OUR  WESCON  BOOTH  NO.  1215 


TRANSMISSION  LINES 


•m 


Read  directly 


with  10  times  ^previous  accuracy! 

Drift  less. than  ±  2  pv;  noise  less  than  0.2  pv! 


New  -hp- 

425A  Microvolt- 

1 

Ammeter 

now  makes  these  difficult  measurements  quickly  and  easilyl 

ENGINEERING 

PHYSICS,  CHEMISTRY 

MEDICINE,  BIOLOGY 

Minute  dc  potentials,  difFerence 

Grid,  photomultiplier  currents 

Voltages  in  living  cells 

voltages,  nulls 

Ionization  levels  in  vacuum 

Nerve  voltages 

Resistances  from  milliohms  to 

10  megmegohms* 

Thermocouple  potentials 

Voltages  in  plants,  seeds 

Use  with  Esterline-Angus,  other 
recorders 

Voltaic  currents  in  chemicals 

’with  •xlarnol  dc  leurc*. 

^  is  announcing  more  than  30 
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SPECIFICATIONS 


fc> 


MICROVOlT-AMMiTfR 
Volfag*  Rang*;  Poii 


Poiiliv*  and  ntgotive  voltogts  itoni  10  'uH 
Kol*  to  I  V  full  Kol«  in  an  tl«vtn  slip,  1,  3, 
10  Mqutnct. 


Output:  0  to  1  V  for  full  seal*  reading,  adjustable. 

Output  ImpedoiKo:  10  ohms,  shunted  by  1000  ohm  potentiometer. 


Noise; 


Current  Range:  Positive  and  negative  currents  from  10  MMa 

full  scole  to  3  ma  full  scole  in  on  eighteen  step, 
1-3-10  sequence. 

Input  Impedance:  Voltage  Ronges:  1  megohm  ^5%. 

Current  Ronges:  Depends  on  range,  I  megohm 
to  0.33  ohm. 


DrIH 


After  IS  minute  worm-up,  less  thon  ±2  pv  per 
hour  referred  to  the  input. 


IIS  V  X  10  V,  330  —  20  V,  60  cps,  40  wotts 


Power 


Cabinet  Mount;  7'/)  wide,  11 '/i  high,  14 
deep. 


Dim 


Within  Z3%  of  full  scole. 


Accuracy 


Weight 


Net  20  lbs 


AMPtIF  ER 


SSOO.OO. 

hp-  42SAR  (rock  mount)  SSOS.OO. 
-hp-  43SA  (cabinet)  SSOO.OO. 


Price; 


FreguetKy  Range;  dc  to  0.3  cps. 
Gain;  100,000  maximum. 


Ooto  subject  to  chonge  without  notice.  Prices  f.o.b.  foclory. 


basic 


1958 


instruments 


new 


in 


Conservative  electrically.  Model  425A  includes  every  con¬ 
ceivable  assurance  of  safety,  accuracy  and  dependability. 
For  example,  momentary  overloads  of  1,000  volts  cause  no 
damage;  and  the  new  pickup  probe  is  specially  designed 
to  minimize  thermocouple  and  triboelectric  effects.  The 
meter  provides  constant  polarity  indication. 


The  new  -hp-  425A  also  may  be  used  to  measure  a  wide 
range  of  resistances.  Milliohms  may  be  measured  by  using 
a  battery  and  series  resistor  as  a  constant  current  source. 
Higher  resistances  may  be  measured  with  higher  voltages; 
a  100  volt  supply  allows  the  425A  to  measure  accurately 
up  to  10  megmegohms. 


Call  your  -bp-  representative  now  for  demonstration  on 
your  bench;  or,  write  for  details. 


The  all-new  -hp-  425A  Microvolt-Ammeter  will 
provide  engineers,  physicists,  chemists  and  physiological 
scientists  with  one  compact,  direct-reading  instrument 
measuring  minute  voltages  and  currents  with  speed,  sim¬ 
plicity  and  10  times  the  sensitivity  of  the  complex  equip¬ 
ment  arrays  previously  required. 


Very  careful  engineering,  including  heavy  filtering  against 
ac  signals  and  substitution  of  a  unique  photoelectric  chop¬ 
per  for  the  conventional  mc-chanical  vibrator,  has  resulted 
in  performance  heretofore  unobtainable.  The  long-term 
drift  of  the  425A  is  less  than  2fj,v  and  internal  noise  is  less 
than  0.2  ^v. 


HEWLETT-PACKARD  COMPANY 


4887A  face  MILL  ROAD  •  FAIO  AITO,  CAIIFORNIA,  U.S.A. 
CobI*  "HEWFACK  "  •  DAvunpert  5-4431 

fieiD  REFRESENTAT/VES  IN  All  FRINCIFAt  AREAS 
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Milli-tnicro-second  switching  speeds 
and  high  current  too 


Where  applications  require  transistor  performance  beyond 
previously  accepted  high  limits.  Fairchild  Silicon  Trans¬ 
istors  offer  an  exceptional  three-way  combination: 

1)  50  milli-micro-second  typical  rise  time  — permits  faster 
switching  rates  in  computing  devices.  Total  switching  time 
is  typically  0.2  microseconds. 

2)  1  watt  dissipation  at  100°  C.— Saturation  resistance 
is  10  ohms  maximum.  Resulting  high-current  capability 
provides  opportunities  to  increase  equipment  performance 
while  reducing  circuit  complexity. 

3)  Silicon  temperature  performance  —  Maximum  junction 
temperature  of  175°  C.  gives  low  leakage  and  more  safety 
factor  at  any  lower  temperature. 

These  characteristics  are  the  outcome  of  the  solid-state 
diffusion  technique  used  at  Fairchild.  Other  important 
accomplishments  of  this  process  are  excellent  reliability 
and  a  high  order  of  electrical  uniformity  throughout  large 
production  runs. 

The  accomplishment  of  a  research-production  team 
Singleness  of  purpose  did  it.  Fairchild  assembled  a 
uniquely  experienced  team  of  research  scientists  and 
production  engineers  whose  objective  was  to  bring  the 
advanced  solid-state  diffusion  process  under  close  control. 
They  succeeded  in  putting  laboratory-quality  silicon 
transistors  into  quantity  manufacture  with  firm  product 
specifications  exceeding  anything  previously  offered. 

2N696  and  2N697  SILICON  TRANSISTORS 


The  unrelouched  ecopc  face  below  shows  the 
timo  comparison  of  input  (positive)  and 
output  (ncfative)  pulses  in  a  non- 
saturatmc  mode.  Time  base  it 
20m^tec.  per  lar|e  division 
on  the  scope  (ace.  Max¬ 
imum  collector  cur¬ 
rent  is  SO  ma. 


Symbol 


Specification 


Characteristict 


Rating 


$41  OSCIUOSCORC 


Collector  to  Emitter 
voltage  (25°  C.) 
Total  dissipation 
Case  temp.  25*  C. 
Case  temp.  100°  C. 
D.C.  current  gain 


2  watts 
1  watt 


2N696  — 15to30 
2N697  —  30  min. 


Ip^lSOma 

V0<=lOv 

l-»150ma 

l„-15ma 


Collector  saturation 
resistance 


6a  typical, 
lOn  max. 


For  full  Informatton  and  apaeff/catfona, 
wrHa  Oapt.  A-8 


S£MKOt/DUCTOn  COnPOPPT/OM 


844  CHARLESTON  ROAD  •  PALO  ALTO.  CALIFORNIA 
VISIT  US  AT  BOOTH  1632  AT  THE  WESCON  SHOW 
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f  ^  NEW  HERMETICALLY  SEALED  HIPERMAG  CORE 

PERMITS  ENCAPSULATING,  IMPREGNATING,  OTHER  PROCESSING 
. . .  WITH  NO  CHANGE  IN  MAGNETIC  VALUES 


Newent  development  in  cores  for  magnetic  amplifier  applications 
is  the  Westinghouse  Polyclad  hermetically  sealed  IIi|>ermag 
core.*  Polyclad  insulation  is  applied  over  a  new  specially  de¬ 
signed  aluminum  box  housing  the  core.  This  hermetically  seals 
the  core  and  allows  enrapsulating,  casting  or  impregnating — 
without  altering  magnetic  properties  .  .  .  Eliminates  magnetic 
amplifier  rejects  caused  by  changed  magnetic  values. 

Tested  for  all  environmental  conditions,  Polyclad  insulation  is 
suitable  for  high  temiieratures,  protects  against  humidity  and 
high-voltage  stress,  provides  high  insulation  strength,  with 
breakdown  valui*8  up  to  3000  volts. 

Polyclad  coating  eliminates  the  need  for  core  taping;  makes 
possible  reduced  insulation  cost.  Rounded  corners  prevent 
shorting  wire  to  core,  allow  winding  directly  on  the  core. 


These  cores  are  supplied  in  special  sizes  or  in  standard  AIEE 
sizes,  in  one-,  two-,  or  four-mil  oriented  nickel-iron  alloy 
Hipernik®  V  and  in  one-  or  two-mil  4-79  Permalloy.  Complete 
listing  in  Westinghouse  publication  44-720. 

Hermetically  sealed  Hipermag  cores  are  available  in  production 
lota  with  normal  delivery.  All  Hipermag  cores  are  tested 
—  by  Roberts  constant -current,  flux  reset  technique,  or  to 
your  specifications. 

For  more  information  about  Polyclad  hermetically  sealed 
Hipermag  cores  and  other  Hipersil®  or  Hipermag  cores,  call 
your  Westinghouse  representative  ...  or  wTite  Westinghouse 
Electric  Corporation,  P.O.  Box  231,  Greenville,  Pennsylvania, 
ipplitd  lot  J-70892 


^\^stinghouse 
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VERTICAL  RESPONSE 

Passbond— dc  to  10  me. 

Risetime— 0.035  /isec. 

Sensitivity— 0. 1  v/div  to  125  v  div,  dc-coupled  and  oc-coupled— 
0.01  V  div  to  0.1  V  div,  oc-coupled  only.  Twelve  calibrated  sensi¬ 
tivity  steps. 

SWEEP  RANGE 

0.2  |usec/div  to  6  sec  div.  22  calibrated  steps  from  0.2  ftsec/div  to 
2  sec/div. 

5-x  magnifier  increases  calibrated  sweep  rate  to  0.04  fiiec  div, 

TRIGGERING 

Preset  or  manual  stability  control  with  amplitude-level  selection,  and 
fully-automatic  triggering. 

ACCELERATING  POTENTIAL 

lO-KV  on  new  Tektronix  high-voltage  3-inch  cathode-ray  tube. 

CALIBRATOR 

Amplitude  calibrator,  0.05  to  1  00  v  in  II  steps,  square-wove  fre¬ 
quency  about  1  kc. 
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PORTABLE 


Courtesy  Commondor  337th  Fighter  Group,  U  S  A  F 


Ac’s  excellent  for  the  daylight  conditions  often  encountered  in  the  held  and  at  pHnluc- 
tion  test  stations.  The  brilliant  trace,  provided  by  10- KV  accelerating  potential  on  a  new 
Tektronix  .^-inch  cathode-ray  tube,  is  easily  readable  in  bright  areas,  even  at  low  sweep- 
repetition  rates.  And  its  DC-to-IO  Mf!  vertical  response  easily  takes  care  of  most  of  tiKlas's 
complex  held  applications. 

The  Typ>e  317  is  an  excellent  laboratory  oscilloscope,  n>o.  Ask  your  Tektronix  Field 
Engineer  or  Representative  to  arrange  a  demonstration  in  your  most  demanding  applications. 


Tektronix,  int. 


P.  O.  Bok  831  •  Portland  7,  Orogon 


TYPE  317 


OTHER  FEATURES 

Electronic  power-supply  regulation. 

External  input  to  horizontal  omplifier. 

Warning  lights  for  uncolibrated  sweep-rote  and  sensitivity  settings. 
Magnifier  indicator  light. 

Size— 8  Vj”  wide,  12"  high,  l9Vi'’deep. 

Weight— 35  lbs. 


Phono  CYprot*  2-2611  •  TWX-PD  311  •  Coblo:  TEKTRONIX 

TIKTeONIX  FltlO  OrnCfS'.  Alb«tlia«.  I  I  .  N  T  •  Albuquwqu*  •  «><>q..<ll*.  N  V  •  »u*)alo 
CipvRiond  *  OoUot  ■  Doyton  •  Elmwood  Ro'k.  HI  *  Endwell.  NY*  Houtfof*  *  lothrup  Vtllogp 
Mich  •  Eolt  lot  Ang«lgt  •  Wttt  lot  Angoiot  *  Minnoopoht  *  Mitttofs  KonLot  *  N*w1onviM«. 
Mott  •  Pblo  Alio,  ColtF  •  Witlodolphto  •  W»o»nt«  •  Son  Oiogo  •  Syfocuto  •  Towton,  Md 
Union,  N  J  •  Witlowdolp,  Onl 


TIKTHONIX  INOINIIKINO  KmiSINTATIVCS:  Arthur  lynch  A  Attoc  .  Ft  My«rt.  Flo  , 

Goinotvtllo,  Flo  ,  Aivint  A  ColdwoH,  Atlonto.  Go  .  High  Point,  N  C  .  Howthom*  floctrontct, 
Porhord,  Or*  .  SoottI*,  Woth  ,  Hytronic  M*otur*montt,  0*n«*r,  Colo 


ToktroniR  «t  '•pr«t«ntod  m  30  ov«rtooi  countriot  by  quol>fi*d  vnginvvrmg  orgoniiottont 


Type  317 

Type  317  MODI 01 


.  .  .  $800  (50  to  60  cycle  supply). 

. . .  $835  (50  to  800  cycle  supply), 
f.o.b.  factory 


•••  •- 


Ala 

.je- 

in 

45X1 


Bright  Trace 

High  Performance 


For  more  information  on  this  new  airborne  wirinff  technique,  AMP’s  Patchcord  System  Catalog  is  available  on  request. 


THE  NEW 
LIGHTWEIGHT 
A-MP  ••240’* 
PATCHCORD 
PROGRAMMING 
SYSTEM 


.  .  .  means  lightning  fast  in-flight  reprogramming  of 
airborne  electrical /electronic  circuitry .  . .  obsoletes  fixed 
circuit  connectors  and  other  systems  requiring  hours  or 
days  to  rewire  .  .  .  and  offers  these  unusual  features; 

•  removable  patchboards  to  permit  complete  reprogram¬ 
ming  in  seconds 

•  3^  povmds  to  minimize  weight  .  .  .  miniaturized  to 
conserve  space 

•  rugged  shock  and  vibration-resistant  construction  with 
high  strength  aluminum  alloy 

•  shock-resistant  seating  of  patchcord  plugs  in  removable 
board 

•  AMP’s  patented  wiping  action  that  pre-cleans  contacts 
for  top  electrical  performance 

•  240  contacts  for  greatest  versatility  in  circuit  combina¬ 
tions  or  program  arrangements 


AMP  Incorporated 

GENERAL  OFFICES:  HARRISBURG,  PENNSYLVANIA 

A  MP  product*  and  engineering  aesietance  are  available  through  wholly-owned  subsidiaries  in:  Canada  •  England  e  Franc*  *  Holland  e  Japan 
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Unique  combination  of 
performance,  size  and  price 

OVER  1000  TIMES  AS  SENSITIVE  as  galvanometer  re¬ 
corders.  .  .  and  Varian’s  null-balance  potentiometer 
needs  no  power  from  the  source  being  measured. 
Rugged,  stable  mechanism  allows  ink  or  inkless  re¬ 
cording —  easy-to-read  rectilinear  chart  — source  im¬ 
pedances  of  up  to  100,000  ohms. 

LESS  THAN  HALF  AS  WIDE  as  a  standard  19-inch  rack. 
Two  Varian  G-llA's  mount  side  by  side  on  a  rack  panel 
10%  inches  high.  Or  as  a  portable,  the  G-llA  is  an 
easy-to-handle  15  pounds.  The  G-10  sits  on  less  than 
one  square  foot;  its  horizontal  chart  is  handy  for 
jotting  notes. 

MORE  VERSATILE  AND  ADAPTABLE  than  any  similar  re¬ 
corder-adjustable  zero,  adjustable  span  (from  9  to 
100  mv  on  the  G-llA),  multiple  chart  speeds  (up  to 
four  on  the  G-llA),  and  plug-in  input  chassis  for  dif¬ 
ferent  recording  requirements. 

PRICES  THAT  BEGIN  AT  $340  for  the  G-10  and  $450 
or  the  G-llA.  Because  unneeded  performance  costs 
money,  Varian  has  intentionally  designed  for  1%  limit 
of  error  and  1-second  balancing  time.  Thus,  Varian 
provides  needed  ruggedness,  dependability  and  oper¬ 
ating  features  at  moderate  cost. 


Varian  G-IO  bench-top 
recorder  for  accessible, 
horizontal  chart. 


WRITE  TODAY  FOR  COMPLETE 
SPECIFICATIONS  AND  STANDARD  OPTIONS 


^tmIsIwi  Ttlarawm 

Minutt,  y«t  tirong  tubing  of  AISiAAog 
Alumina.  Part*  in  in»at  ntagnifiad  tbraa 
lima*  (*mallar  one  .013"  OO);  otbar* 
approximata  actual  »iza. 


ignoiant  Tool  Blaoa*.  Non-mataHic. 
r  lantitiva  macbina  and  inatrunfani 
ttmg*— otbar  damanding  application*. 


AlSiMag  Alumina  Ceramics 
op«n  new  fields  for  designers  .  .  . 

permit  designing  to  higher  temperatures, 
higher  frequencies,  greater  strengths. 

Designers  are  generolly  familiar  with  the  plus  values  of 
AlSiMag  technical  ceramics  for  standard  industry  appli* 
cations.  However,  recent  developments — particularly 
in  new,  high>strength,  high-temperature  AlSiMag 
Aluminas — have  greatly  enlarged  their  range  of  use¬ 
fulness. 

Do  you  need  a  materiol  with  such  versatile  character¬ 
istics  as  shown  on  this  page?  AlSimag  technicol  cerom- 
ics  have  helped  many  designers  solve  problems  .  .  . 
may  help  solve  yours.  Send  blueprint  with  complete 
operating  details  for  our  recommendations. 

Visit  owr  •ootb*  Not.  606-e07  at  WiSCON 


AISiMag  Tool  Tip*  for  cutting  and 
machining  *tronga*t  alloy  *taal*. 


Rollar*  for  flattaning  inductanca  wira— 
a  naw  application  for  AISiMag. 


TMa  •  • .  etf— e 

:ia<tron  Tuba  Spacar*  a*  thin  a*  .009" 
lava  ramarkabla  atrangth.  Similar  part* 
■tight  tolva  othar  application  problam* 
irhara  auparior  insulation  i*  naadad. 


Noet  lotlttiMl 

Support  Ring*  for  Haat  Traating  Rx- 
tura*.  Walding  Jig*.  Hold-down  Jig* 
for  haat  application*. 


CORPORATION  A.ub*idaryof 

CHATTANOOOA  5,  TINN.  Minnawt*  Mining  .rKl 

S7TH  YtAR  or  CtRAMIC  lIAOCRSMir  Manufacturing  Company 


FracUion  Pinitbo* 


imooth,  aa*ily  coa'cd  AlSiVai.,  Cora* 
lor  Ink,  Metal  Film  and  -.on  Da- 
laitad  Rasittor*. 


AaM  Rptittmt 


Rotary  Saab  and  Plunger*.  Extrai 
nary  wearing  gualitla*.  Surface  fmi 
la  matt  aaacNng  apaciricaiiona. 


Far  taetaa.  aaataat  MtaaaaaU  Mlaia*  A  Maaelaatartat  Ca.  Ottaaa  la  itMta  elMai  (taa 
*aor  laaat  tataataaa  tlranary)!  .tUaaia.  Ua.  •  Ba«ta«;  .S<wtaa  I'reur.  Maw.  •  HuVala. 
Jt.  T.  •  CtlraaB.  III.  •  I'tBrlaaad.  O.  •  tlarrlaad.  O.  •  Dallaa.  Taaa*  •  Petnilt.  MMk. 
tUah  ralnt.  N.  r.  •  tnarlw.  I'alV  •  Km  Tark  tMaaOeM.  .V.  J.  •  nuiatWirffela. 
Pa.  •  tiuikurik.  Pa.  •  ».  Uiula.  Ma.  •  m.  Paul.  Miaa.  •  Sa  (laa  Praaet-re.  Talir. 
taadia.  Waak.  •  Caaata;  HlaiMaeu  Mlakaa  A  Maaafanatiat  <«  I'aaada.  UA..  P.  O. 
Hai  TBT,  laaAaa.  Oac  AM  attMr  aaaatt:  Mlaaanta  Miaiaa  a  Maaafaetariiia  ('a.  laur- 
aaltnaal  OtAalaa.  M  Part  Ate..  Nati  Tark.  .V.  T. 


V 


V 


r,  >  ■  ■■^ 


another 


||[|/Mallory  Tantalum 

m°c  service  .  .  .  miniature  size 


From  Mallory,  another  industry  first .  . .  miniature 
high  temperature  tantalum  capacitors  capable  of 
operation  up  to  150°C.  Identified  as  the  M2  line, 
these  capacitors  feature  glass-to-metal  hermetic 
seals,  preventing  any  loss  of  electrolyte.  They  will 
withstand  2000-cycle  vibration  in  accordance  with 
MIL-C-3965B.  The  extremely  rugged  design,  which 
enables  their  use  under  severe  environmental  con¬ 
ditions,  and  small  size,  only  0.5"  long  x  0.287" 
body  diameter,  0.484'  flange  diameter,  make  them 
particularly  useful  in  missile  and  aircraft  elec¬ 
tronic  systems. 

The  M2  series  is  the  latest  addition  to  Mallory’s 
complete  line  of  tantalum  capacitors,  which  gives 
designers  coverage  in  tantalum  of  capacities  from 


serving  Industry  with  Th*«e  Producit; 
Eluclromuchonical  —  Resistors  *  Switches  •  Tuning  Devices  *  Vibrators 
Electrochemical  —  Capacitors  •  Mercury  and  Zinc-Carbon  Batteries 
Metallurgical  —  Contacts  *  Special  Metals  •  Welding  Materials 

Partt  dittributors  in  all  major  dliat  dock  Mallory 
standard  componants  for  your  convenience. 


.22  to  1300  mfd.,  voltages  from  3  to  630,  and 
temperatures  from  85  to  200°  C.  The  following 
ratings  are  available  in  the  M2  line: 


Type 

Mfd. 

•  5“C 

125°C 

ISO  C 

M2- 11 

1 1 

90 

80 

75 

M2- 15 

15 

75 

67 

62 

M2-20 

20 

60 

50 

48 

M2-25 

25 

50 

42 

40 

M2-40 

<0 

30 

25 

23 

M2-70 

70 

15 

13 

12 

M2- 100 

100 

10 

8 

7 

M2- 140 

140 

6 

5 

4 

Ask  the  man  from  Mallory  for  more  data  and 
application  engineering  assistance— or  write,  today. 

Expect  more.. .get  more  from 


Of.' 
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ANATHERM  can  be  uied  ot  any  hottest-tpot  temperature  over  the  range  of  105°C  to  155°C.  It  can  lave  you  money  .  .  .  and  save  you  spoce. 


More  horsepower  per  pound-it’s  yours  with  1S5**C  Anatherm 


F  irsi  pol\cslcr  high  temperature  enamel  magnet  ^^ire  a\ailab1e 
in  complete  range  ol  si/cs  round,  square,  rectangular. 

or  course  you  don't  I'ry  eggs  on  them,  but  motors  are  being 
run  hotter  today.  These  higher  operating  temperatures  ean  put 
you  on  a  /mf  spot  with  your  customers  if  motors  fail. 

Solution:  Anaconda  Anatherm  Magnet  \N ire.  Anatherm  is  a 
new  polyester  lilm-coated  wire  fully  tested  for  use  at  “hottest 
spot"  tem|viaturcs  up  to  I55°C'.  With  this  new  higher  level  of 
thermal  stability.  Anaconda  Anatherm  is  the  first  film-coated 
wire  to  meet  the  newly  adopted  I55°C'  (AIFT’  C  lass  F)  ratingl 
Cireater  thermal  stability— plus  excellent  abrasion-resistance, 
chemical  stability  and  dielectric  strength  — make  Anatherm  ideally 
suited  for  a  variety  of  applications.  It's  especialK  practical  wheie 


maximum  performance  and  reliability  arc  required  from  smaller 
equijviient  operating  at  higher  temperatures. 

As  a  polvester  magnet  wire.  Anatherm  can  be  used  equally 
successfullv  at  any  hottest-spot  temperature  from  103°C'  to  155°C'. 

.Available  in  standard  film-thickness  of  round  wires,  si/es  8  to 
4(\  inclusive,  and  in  a  full  range  of  si/cs  of  square  and  rectangular 
wires.  For  more  information,  see  the  Man  from  Anaconda. 
See  "Anaconda"  in  your  phone  book— in  most  principal  cities  — 
or  write:  Anaconda  W  irc<S:  C  able  C  o.,  25  Broadway,  N.  Y.4,  N.  Y. 

ASK  THE  ® 

MAN  FROM 

ABOUT  ANATHERM  MAGNET  WIRE 


For  you,  Anatherm  can  mean  smaller  electrical  equipment  higher  operating  temperatures.  See  details  on  reverse  Side  — 


PIAIN  ENAMEl  lOS’C  lAICE  CIj  >  Al 
low  ..  J>t  enameled  ma.]net  wire 


EPOXY  I3C“C  lAlU  Clasj  Bl 
.).*ni‘rol  COm;;atiL  ili'y 


NYFORM  lOS’C  lAIEE  Clou  Al 
superior  wtnJab.I.V 


I 


MAGNET  WIRE 
DATA  SHEEIV^ 

from  I 

Anaconda  Wire  &  Cable  Co 


IMPORTANT  FACTS  FOR  YOUR  WORK 


...about  Anatherm  155°C  (AIEE  Class  F)  Magnet  Wire 

When  proper  advantage  is  taken  of  Anaconda  Anatherm’s  higher  winding  equipment.  Anatherm  offers  excellent  flexibility  and 
155°C  characteristics,  electrical  equipment  can  be  improved  in  adherence  properties.  It  meets  NE  MA  snap  test  requirements 
these  ways:  and  exhibits  excellent  adherence  to  the  conductor. 

RAISES  LIMITING  OPERATING  TEMPERATURES.  Anatherm  raises 
limiting  operating  temperatures  to  155°C.  This  high  heat  re¬ 
sistance  means  extra  protection  .  .  .  longer  equipment  life  .  .  . 
wider  range  of  applications. 

REDUCES  FRAME  SIZE.  Anatherm  gives  more  horsepower  from 
the  same  space  or  the  same  horsepower  from  a  smaller  motor. 

Costs  are  cut  for  you,  and  your  customers  benefit  from  smaller 
over-all  components. 

INCREASES  HORSEPOWER  RATINGS.  Anatherm  is  the  best  of 
the  polyesters.  Its  high  heat  resistance  means  higher  permissible 
operating  temperatures,  greater  horsepower  rating. 

UPGRADING.  Anatherm  helps  upgrade  standard  equipment. 

Gives  added  heat  insurance  through  thermal  stability.  Particularly 
suited  for  overloads. 


ELECTRICAL  PROPERTIES 

Anatherm  maintains  its  dielectric  strength  under  prolonged 
heating  at  high  temperatures.  It  consistently  exceeds  dielectric 
strength  requirements  for  NLMA  dieltvtric  twist  test. 


CHEMICAL  PROPERTIES 

Anatherm  will  resist  toluol.  VM  &  P  Naphtha.  I  thvi  Alcohol  and 
5%  Sulphuric  Acid.  Anatherm  is  a  polyester  and  exhibits  the 
best  characteristics  of  this  class  of  chemical  compound.  However, 
all  polyesters  must  be  used  with  certain  prexautions  where 
moisture  and  or  enclosed  systems  arc  concerned.  Similar  pre¬ 
cautions  must  be  taken  where  chlorine-base  supporting  insula¬ 
tions,  such  as  neoprene  and  polyvinvl  chloride,  are  present. 
Polyesters  should  not  be  used  in  applications  subject  to  exposure 
to  concentrated  alkalies. 


COMPATIBILITY.  With  polyesters,  importance  must  be  placed 
upon  a  completely  compatible  system.  Varnish  manu¬ 
facturers  have  recently  developed  polyester  varnishes  which 
allow  a  compatible  polyester  magnet  wire  system.  A  number 
of  varnishes  other  than  polyester  are  compatible  with 
Anatherm,  but  consultation  with  varnish  suppliers  before 
use  is  recommended. 


THERMAL  P?7''PEf?-^IES 

Anatherm  is  offered  as  a  I55°C'  (All  I  t  lass  Ij  magnet  wire 
based  on  AIET:  «57and  «5I0  test  methods.!  hese  tests,  performed 
by  Anaconda  engineers,  show  Anatherm  as  being  capable  of  a 
30.(XX)-hour  life  at  157°C'  in  an  unvarnished  state  and  the  same 
life  at  I75°C'  when  treated  with  a  silicone  or  polvester  tv|X’  var¬ 
nish.  Thus  Anatherm,  when  suitably  varnished,  has  reserve  sta¬ 
bility  even  above  the  155°C'  p-:  5  I  j  I  I  I  •  ■  (  1  }  I  I  I  I  ;  1 

rating  at  which  it  is  being  H  |  j  *  j  j  i  !  |  1  {  j  |  |  |  i 

offered.  The  thermoplastic  t:  i  .  I  *  4,  ‘  ..•■  I  |  1  1  I  I  i  I  | 

flow  temperature  for  \  '  \  \  \  \  [{  \  '  ^  ^  t  i  / 

Anatherm.  based  on  MIL-  r-t  t  f  t  n  t  t  t  r^l/T  i 

W-58.fA,  is  very  high  :  ;  •  !  I  ly ;  ;  ;  :  j  i  I  i  /  i  i 

(250°C  ).  Anatherm  also  \  \  \  \  Ij.  \  \  \  \  I\  \  ] 

shows  outstanding  reten-  |  1  i  i/(  j  |  :  '  ‘  ‘  '  j 

tion  of  flexibility  after  ag-  -j-j- -  y/i — j — |  TTi  r~1 — i 

ing.  Wire  can  be  heated  :  \  \  jl  \  \  \  i 

168  hours  at  175°C  and  I'.  I  ‘JI  I  I  I  ^  \\\\A  ;  !  1 
then  wound  on  three  times  [**  !  5  '  i  *  /  "  '  ‘  I  i 

its  own  diameter  without  -  i- :  a  f *t*^  •  t  *  in  {  t  j  f  ^ 

cracking.  Its  heat-shrxrk  ;  ‘  •  i  ;  pj  |  1  I  i  i 

characteristics  arc  cxccp-  ^  1/i  j  ;  i  ;  .  [.  *  |  1  J  t  t  : 

tionally  good  for  a  poly-  -T  iJ.:  1  '  M  1  Mol¬ 
ester  wire:  Anatherm  will  4  "  i  il-i-  - 

withstand  a  lx  mandrel 
wrapat  155°C  for  one  hour. 

r  4>>inn  iiii  •.  » 


MECHANICAL  PROPERTIES 

Anatherm  has  unusually  high  abrasion-resistance.  This  character¬ 
istic  allows  it  to  be  wound  on  both  conventional  and  automatic 


ANACONDA  WIRE  &  CABLE  COMPANY 

25  BROADWAY,  NEW  YORK  A.  NEW  YORK 

Please  send  me  a  copy  of  your  Anatherm  Magnet  Wire  Booklet. 


COMPANY 


Valuable  Anatherm  Magnet  Wire  Handbook- 
yours  for  the  asking! 

Latest  information . . ,  full  technical  data. 


ADDRESS 


STATE 


ZONE 


I  ■ 


TEAR  OUT  FOR  YOUR  FILE 


New  Bendix* 

BACKWARD- 

OSCILLATOR 

for  extremely 


WAVE 

TUBE 


60 
^  (59) 


>-  55 
'Z 

UJ 

2  50 

QC  (49) 


An  exclusive  Bendix  Red  Bank  product,  the  Type 
TK-67  Backward-Wave  Oscillator  Tul)e  ijcncratcs  T 
microwave  ener^N’  at  extremely  hiiith  frequencies  ' 
never  l)efore  available.  S 

This  new  tul)e  provides  a  wide  ranine  of  usable  *^2 
frequencies  for  applications  in;  advanced  types  of  ,  *• 
multichannel  telephone  and  television  systems,  hiijh  ^  jm 
definition  short-ranRC  radar,  hit^hly  directive  com-  s 

numications,  microwave  spectroscopy  and  other  fields 
where  low  power,  voltatte-tuned  millimeter  wave¬ 
length  radio  frequency  energy  is  required.  .As  the  ^  the  traveling-wave  amplifier  tube,  oI$o  ovoHobie 

backward-wave  tul>e  is  voltace  tuntxl,  frequenev  is  ®*'’‘*'*  '*  d*»ign*d  fof  operation  m  the 

^••11  _i  I  ^  4.0  to  8.0  kmc  froquoncy  rang*  with  approximately 

automatically  changed  by  varying  the  voltage  input.  ■  V  40  db  gom  ond  200  miiiiworn  output  power.  Th.  tub. 

No  mechanical  tuning  adjustment  is  required.  ^  utiiizei  o  helical  jiow-wove  structure  with  coupled  helix 

For  more  detailed  information  on  the  tul>es  de-  \  ottenuotor  section.  The  mechanical  design  minimizes  the 

scriltcd  here,  write  to;  RKD  bank  division,  BKNDIX  .  \  effects  of  vibration  upon  the  tube  operation. 

aviation  corhopation,  eatontown,  new  jersey.  \  ''X 

ELECTRICAL  DATA  \ 

Frequency  Range . 49kmc— 59kmc 

Anode  Voltage .  1000—3000  volts  *■  e  Prowdencio  ay... 

Power  Output . 5mw  average  ^ 

»eam  ourreni .  . bma  Conodion  Oetribulor.  computing  Deuices  of  Conodo, 

Magnetic  Field . 1300  gauss  (minimum)  p  o.  so.  sos,  ottowo  4,  Ontorio 

Heater  Voltage . 6.3±10% 

MECHANICAL  DATA 

Output  Flange .  Special  adapter  to  RG-98/U  ' 

Maximum  Diameter  . 0.625*  -rx  i  -r-x  i  t-v  •  •  • 

!S!l..iioiitio.^:..v  Red  Bank  Division 

Weight . 5  oz.* 

•Without  magnet  (tube  only).  Magnets  are  available. 

Addltlecsal  tubes  are  under  develepmant  te  extend 

the  frequency  range  te  7i  kmc. 
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glass-base 

laminates? 

C-D-F  DILECTO® 

is  the  answer ! 


Teflon*,  silicone,  epoxy,  melamine,  and  phenolic  glass- 
fabric  laminates.  Polyester  glass-mat  laminates. 

You  can  improve  design,  speed  production,  and  save  money 
by  specifying  one  of  the  many  C-D-F  Dilecto  grades. 
Whatever  your  application  for  these  laminates  —  with 
fine-  or  medium-weave  glass-cloth  base  —  you’ll  find  a  bet¬ 
ter  answer  to  your  problem  at  C-D-F.  (Melamine  can  also 
be  made  with  glass-mat  base.)  And  C-D-F  offers  modern 
machining  and  fabrication  facilities  to  deliver  production 
quantities  of  finished  Dilecto  parts  to  your  specifications. 

See  our  catalog  in  Sweet’s  Product  Design  File,  where 
the  phone  number  of  your  nearby  C-D-F  sales  engineer 
is  listed.  For  free  trial  samples  of  glass-base  Dilecto,  or  of 
any  other  C-D-F  plastics,  mica,  or  fibre  product,  send  us 
your  print  or  your  problem!  Write  for  your  free  copy  of 
C-D-F  Technical  Bulletin  64. 


/.r 

SPEED  AUTOMATIC  PRODUCTION  of  printtd  circuits  with 
wsrp-resistint  C-D-F  metsl-clad  Teflon*  and  laminates. 
Other  advantaies:  hi(h  bond  strength  of  copper  to  laminate, 
superior  blister -resists nee  in  solder  immersion. 


M6H-V0LTA6E  (IBOOv.)  RF  ISOLATION  is  Khieved  by 
miniature  C-O-F  Dilecto  gears  in  an  aircralt  receiver -trans¬ 
mitter  switch.  They  also  had  to  eihibit  dimensional  stability 
through  *  "vxl*  temperature  range,  resistance  to  fungus  growth 
and  thermal  shock. 


:;t:p 

^  'I 


PRECISE  MACHININ6  AND  FABRICATION  are  standard 
benehts  ol  Dilecto  laminated  plastics.  These  silicone  glass- 
base  parts  (coil  mountings,  aircralt  terminal  board)  were 
sawed,  drilled,  punched,  and  milled  in  production  quantities 
by  C-D-F  and  customer. 


PROPERTIES  OF  SOME  TYPICAL  C-D-F  DILECTO  GLASS-BASE  GRADES 


Eqvivalant 
NEMA  or 
ASTM  grade 


Flexural 

Strength 

Lengthwise 

(PSD 

Dissipation 
Factor  ot 

lo*- 

Cond. A 

Dielectric 

Strength 

Parallel 

Step  X  step 

Insulation 

Resistance 

Cond. 

C96/35/90 

Arc  Re¬ 
sistance 
(seconds) 

Maximum 
Operoting 
Temp.  f®C.) 

14,000 

0.0015 

65 

100,000 

180-1- 

250 

28,000 

0.002 

60 

100,000 

180+ 

200 

70,000 

0.019 

65 

75,000 

130 

150 

68,000 

0.010 

65 

100,000 

180 

150 

50,000 

0.014 

50 

100 

185 

135 

22,000 

0.020 

55 

10,000 

5 

150 

35,000 

0.020 

70 

200 

130 

150 

These  ore  typkol  grades  for  typkol  applicafiom.  To  meet  special  requhements,  C-O-E  mokes  many  ether  Dilecto  grodes.  one  of  which  moy  serve  your 
purpose  better  than  any  of  these  listed  here.  Comult  the  C-D-P  Technical  Department  for  expert  outstonce  with  your  design  problem  involving  lominated 
plastics  products.  


(A 


CONTINENTAL-DIAMOND  FIBRE 

A  SUBSIDIARY  OP  THE  -iAvidi/  COMPANY  •  NEWARK  IB.  DELAWARE 


34 


CIRCLE  30  READERS  SERVICE  CARD 


CIRCLE  31  READERS  SERVICE  CARD  >- 


At.' 


Accnrary:  1%-DC  curmu,  2%-DC  voltage, 
2|^-AC  current  and  voltage.  Guaranteed. 

SpnsKivUy:  20.0000/v  DC,  l,0000/v  AC 

HaiMi  CalibraiMMi  aasnrea  maximum  accuracy 
throughout  every  range. 

Mirrored  Scale  and  knife  edged  pointer  prevent 
parallax  errors. 

Overload  Protection  by  automatic  cutout. 

AC  Current  Ranges  from  100  ma  to  10  amps, 
■  ^  full-scale. 

.  'Reversing  Switch  ends  lead  changing  OQ 

'  signals  of  slowly  varying  polarity. 

Zeroing  Controls  for  each  resistance  range 
permit  changeover  without  resetting. 

Accessories  extend  ranges  to  25,000  volts  DC, 
400  amperes  AC,  .025  ohms  to  200 
megohms  resistance. 


Guaranteed, 
long-term  accuracy 


rrice  »89.01 


AvoMeter  8  is  unlike  any  test  meter  you  have  ever  used. 
Compare  it  only  with  a  laboratory  standard  . . .  for  both  are 
hand-calibrated,  with  long-term  accuracy  conservatively 
speciSed  . . .  and  guaranteed. 


In  ruggedness,  portability,  ease  of  operation,  and,  nvMt 
important,  in  versatility,  the  AvoMeter  8  is  superior  even  to 
the  most  costly  standards. 


Wherever  you  require  an  accurate,  dependable  multi-range 
meter,  use  the  AvoMeter  8,  moderately  priced  at  $89.01. 


U.S.A.  t*r  comiMwa  Ittwatart  anS  •rSarint  laformatien,  call  ar  writa  Daor  ZKISS 


BRITISH  IIVDUSTRIES  CORPORATION 


Scientific  Instruments  Division,  Port  Washington.  New  York 

OtSar  Iweelrlao  Lknila4,  Avocat  Waaaa,  t2-M  VauihaS  trMaa  HaaS,  lawSaa.  S.W.I,  Cnglana 


Manufacturers  of  a  Irusted  Line  of  Marine  and  Airborne  Electronic  Equipments 


LORAN  has  long  been  recognized  as  the  reliable,  highly  accurate 
system  of  long  range  navigation.  LORAN  is  already 
implemented  and  in  service  over  North  Atlantic 
and  Pacific  air  routes,  with  immediate  expansion  planned 
to  cover  other  important  areas,  too. 

Now,  LORAN  becomes  an  even  more  practical  navigation  system, 
with  the  development  by  Edo  of  a  simplified,  lightweight, 
pilot-operated  unit.  This  compact  equipment, 
weighing  only  26  pounds  installed,  can  be  mounted  in  the  cockpit. 

From  it  the  pilot  obtains  directly  read 
line-of-position  information,  without  having 
^  to  consult  tables  or  make  complicated  calculations. 

Thoroughly  tested  in  trans-oceanic  operation, 
Edo  LORAN  has  been  ordered  by  Pan  American  World  Airways, 
BOAC,  Qantas  and  Cubana  for  installation  in  their 
upcoming  fleets  of  Boeing  and  Douglas  jet  aircraft. 
Many  other  international  carriers  have  also  indicated  their  intention 
to  use  LORAN  to  assure  precise,  reliable  long  range  navigation. 


coo  AIRBORNE  LORAN,  Modtl  345 
Control  ponol  and  34nch  icopo  oro  mountod 
in  cockpit  for  oporotion  by  pilot  or  co-pilot. 
Rocoivor  (loft)  occupiot  Vt  ATR  rock.  InttolUd 
woight  of  compUto  lyttom  it  only  26  Ibt., 
ond  compoct  unit  roquirot  only  o  imoll  froc* 
lion  of  tpaco  formorly  roquirod  Doiignod 
and  monufocturod  by  Edo,  o  major  tuppllor 
of  odvoncod  oloctronic  tyttomt  for  tho  U.S. 
Navy— sonar,  radar,  ASW  equipmont. 


For  the  complete  data  on  Edo  Model  345  Airborne  Loran, 
send  for  Technical  Manual  #501,  Dept.  T-ft. 


EDO  Corporation 


Col  lag*  Point,  Long  Itlancf,  Now  York 
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New  Triplett  Unimeters 

Decrease  Inventory  Cost . . .  Increase  Flexibility 


I 


With  the  New  Select-Your-Range  Triplett  Unimeters 
two  basic  meter  movements  can  be  combined  with  any 
number  of  Dial-Component  units  for  a  wide  variety  of 
panel  meter  ranges — you  can  even  create  your  own 
ranges  with  available  dial  blanks  by  following  simple 
instructions  furnished. 

Since  the  basic  movement  accounts  for  the  greater 
part  of  the  meter  cost— you  can  have  a  much  more 


flexible  inventory  by  stocking  the  minimum  number 
of  basic  meter  movements  and  a  large  variety  and 
maximum  quantity  of  the  inexpensive  Dial-Components 
Unimeter  features  are:  self-shielded  Bar-Ring  move¬ 
ments:  AC  and  DC  linear  scales  •  extreme  accuracy  • 
dustproof  construction  •  error  proof  assembly  •  instant 
conversion  •  standard  mounting. 


Ql  IlccT-i-Mvi  Thr*«  Standard  Kits.  too.  Kit  A  (makes  8  ranges), 

BI-UiiIOIn,  OHIO  Kit  B  (makes  12  ranges),  Kit  C  (makes  23  ranges). 


HUMPHREY  FREE  GYROS  MAY  BE  POWERED  BY 
D-C,  400-CYCLE  A-C  OR  1500-CYCLE  INVERTER 


New  interchangeable  motors  for  Humphrey  free  gyros  now 
make  it  possible  to  select  a  gyro  to  operate  on  d-c.  conven¬ 
tional  400-cycle  a-c  or  1500-cycle  a-c  power.  Use  of  the 
small,  high-speed  wheel  increases  stability  and  reduces  drift 
rate  about  one-half.  High-speed  motors  may  be  operated 
on  transistorized  1500-cycle  power  supplies,  using  readily 
available  6  or  28-volt  d-c  input. 


Production  gyros  arc  offered  with  a  variety  of  pickoff  config¬ 
urations.  including  potentiometer,  synchro  and  switch  type. 
Humphrey  free  gyros  are  available  with  a  manual  push-button 
cage,  electrical  uncage  or  with  fully  remote  electrical  cage 
and  uncage  with  indicating  or  inter-lock  switches.  Whatever 
your  position  or  angle  sensing  requirements,  Humphrey  has 
a  free  gyro  that  can  do  the  job.  Call  or  write  today. 


DEPT.  E-88  2805  CANON  STREET 

SAN  DIEGO*  6.  CALIFORNIA 


ELECTRO- MECHANICAL  INSTRUMENTS 


August  15,  1958  —  ELECTRONICS  engineering  edition 


CIRCLE  34  READERS  SERVICE  CARD 


MOCtfS  CONTROL  IQUIRMtNT  — ProcMi  confroh,  imfrvm«fttotion,  ond  o»h«r 
indv^iol  •Uctronic  •qv«pm*nl  con  bo  moro  rtliobU  ond  moro  ootrfy  sorvicod  ot 
rodocod  cotH  wifb  TFC  rotint.  TH«y  havo  toro  motttwro  obtorption,  oro  non- 
Rommoblo.  ond  oro  cbomkoNy  ir»ort.  Noitbof  potf^  tompofatgr««  nor  toldoring 
iron  Hoot  wiR  domogo  TFE  rotim. 


INSTRUMINTATION^In  imfrumonlotion.  »ucb  ot  fbit  goopKyikol  mootoring 
oguipmont,  wHoro  miniotvricofion  ond  rotttfonco  to  onvirowoontol  conddiont  oro 
important,  TEf  rotim  oro  wmvrpottod.  TKoy  oro  wnoRoctod  by  ponotroHr^  oRi, 
hoot,  thock.  vibrotion  or  rotoidoring^  thormol  ond  dioioctric  proportiot  pormit 
miniotwriiolion,  rotwHing  in  tobttontiol  tpoco  ond  woight  tooing. 


niCTRONIC  RUSINCSS  MACNtNU-Non  Rammability,  tofo  omorgoncy 
Ovorlooding.  ond  tddor  rotittonco  oro  thr««  importont  rootom  why  TF€  rotim 
oro  wtod  in  mochinot  twch  ot  thit  doto-procotting  ogutpmont.  Sorvicing  ol  wiring 
ponob  con  bo  dono  qvickty,  with  o  minimum  ol  downtimo,  bocovto  TEC  rotim  oro 
unoffoctod  by  toidoring  lomporotvrot. 


OUTDOOR  lOUIRMINT -^TFE  rotim  oro  idooi  for  outdoor  or  undorground 
wiring  opphcotiom.  THoy  hov«  unmotchod  intulotion  rotittonco.  ond  oro  com* 
ptotofy  gnoffoctodby  OKpoturo  totoN  wotor,  tgnlighl.or  othor  OKtromot  of  woothor. 
OR,  gotolirto.  ond  othor  tohrontt  hovo  rto  ofloct  on  Tfl  rotim,  ond  thoy  romoin 
Rooiblo  in  o«tromot  ol  hoot  or  cold. 


For  top  performance  in  electronic  circuitry  specify  wire 
and  cable  insulated  with  TEFLON  TFE-fluorocarbon  resins 


Achieve  utmost  reliability  and  safety  for  your  wiring.  Re¬ 
duce  assembly  and  inspection  costs.  Cut  weight  and  space 
reijuirements.  These  are  a  few  of  the  advantages  being  real¬ 
ized  by  the  use  of  w  ire  and  cable  insulated  with  TFE  resins. 

TFE  resins  are  almost  ideal  dielectrics,  because  they  com¬ 
bine  outstanding  electrical  and  mechanical  properties.  They 
do  not  age,  are  non-flammable,  have  great  flex  life,  main¬ 
tain  superior  tear  resistance,  and  display  excellent  dielectric 
properties. 

Best  of  all,  you  can  enjoy  sales  and  cost  advantages  by 
using  wire  protected  by  Teflon  TFE-fluorocarbon  resins. 


Look  up  your  local  supplier  in  the  Yellow  Pages  (under 
“Plastics— Du  Pont")  ...  or  for  technical  information 
write  to;  E.  1.  du  Pont  de  Nemours  &  Co.  (Inc.),  Poly¬ 
chemicals  Department,  Room  178,  Du  Pont  Building, 
Wilmington  98,  Delaware. 

In  Canada:  Du  Pont  Company  of  Canada  (1956)  Limited,  P.  O.  Box 
660,  Montreal,  Quebec.  ^ 


►  Write  for  the  “HOTTEST  STORY  IN  WIRE 
INSULATION."  It  gives  you  the  facts  that 
can  help  make  your  design,  your  product,  your 
installation  -  a  winner. 


Teflon  is  Du  Pom's  registertd  trademark  for  its  fluorocarbon 
rrsinst  including  the  TFE  itetrafluoroethylene} 
resins  discussed  herein. 


rpe-FLUOROCARBON  RESINS 


BETTEIt  THINGS  fO*  BETTE*  IIVINC  .  .  .  TH«OUGH  CHEMISTRY 
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MINNI 


CONNECTORS 


jiyi 


pass  tough,  new 
ALTITUDE-MOISTURE 
RESISTANCE  TEST 
salt  water  immersion, 
65,000  feet  altitude 

Designers  and  manufacturers  of  aircraft  and  missiles,  as 
well  as  the  military,  have  long  recognized  the  need  for 
a  connector  altitude-moisture  test  which  would  accu¬ 
rately  simulate  actual  performance  conditions.  Such  a 
test  has  been  developed  by  manufacturers  and  the  mili¬ 
tary  and  applied  as  standard  procedure  on  the  67  Series 
MINNiE  connectors  in  the  amphenol  Laboratories.  It  con¬ 
sists  of  the  following: 

A  plastic  tank  is  filled  with  distilled  water  and  salt 
added  to  obtain  a  solution  of  1.050  specific  gravity. 
Marker  dye  is  added  for  tracing  leakage  paths.  The 
connectors  are  given  a  dry  insulation  resistance  (IR) 
reading  with  a  500  volt  megohm  bridge.  All  coupling 
rings  are  then  securely  hand-tightened  and  grom¬ 
met  clamps  rechecked  for  tightness.  The  connectors 
are  then  completely  submerged  in  the  salt  solution 
so  that  all  cable  bundle  ends  are  out  of  the  solution. 
The  ends  of  the  cable  bundle  from  one  side  of  each 
connector  are  taped.  The  tank  and  connectors  are 
placed  in  an  altitude  chamber  and  another  IR  reading 
is  made. 

The  pressure  inside  the  chamber  is  then  reduced 
to  0.82  inch  of  mercury  (80,000  feet  altitude)  and  held 
for  one  minute,  then  increased  to  approximately  2 
inches  of  mercury  (65,000  feet  altitude).  After  main¬ 
taining  2  inches  of  mercury  for  hour,  the  chamber 
is  returned  to  room  ambient  pressure  for  14  hour. 
This  is  considered  one  complete  cycle.  Connectors 
are  subjected  to  a  total  of  10  cycles. 

At  the  conclusion  of  the  tenth  cycle,  connectors 
remain  completely  submerged  in  the  salt  solution 
container  at  room-temperature  and  pressure  for  an 
over-week-end  soak  (65  hours).  Final  insulation  re¬ 
sistance  reading  is  then  taken.  Immediately  after  last 
IR  measurement,  specific  gravity  of  salt  solution  is 
taken. 

The  “E”-type  construction  of  amphenol  67  Series 
aunniE  connectors  was  originally  designed  to  meet  the 
moisture  resistance  requirements  of  MIL-C-5015C,  Par¬ 
agraph  4.5.21.  Since  the  development  of  the  new  and  far 
more  stringent  altitude-moisture  test,  munniE'S  construc¬ 
tion  design  has  been  modified  and  all  amphenol  minniE 
“E”-type  connectors  pass  this  test. 


Following  the  altitude-moisture  resistance  test,  insu¬ 
lation  resistance  measurements  (in  megohms)  on  produc¬ 
tion  MINNIE  “E”  connectors  were  as  follows: 
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Amphenol  minniE  “E”  connectors  not  only  meet  but  sur¬ 
pass  the  requirements  of  this  tough  new  test.  100  meg¬ 
ohms  is  the  minimum  insulation  resistance  required  by 
M1L-C-5015C  after  moisture;  minniE’S  minimum  insula¬ 
tion  resistance  after  immersion  and  altitude  cycling  is 
1000  megohms. 

67  Series  minniE  "E”  Connectors 

DESCRIPTION  Miniature,  multi-contact  electrical  connec¬ 
tors  of  the  quick-disconnect  bayonet  lock  type.  Available 
as  Plugs,  Cable  and  Panel  Receptacles,  and  Single  Hole 
Mounting  Receptacles.  Shell  design  classes  include: 

CLASS  E— Environmentally  resistant- 
individual  wire  seal 
CLASS  p— For  potting 
CLASS  H— Hermetically  sealed 
CLASS  J— For  jacketed  cable 
CLASS  c— Standard  cable  clamp 

There  are  five  shell  sizes,  and  17  insert  arrangements— 
ranging  from  3  contacts  in  the  smallest  to  48  contacts  in 
the  largest. 

PART  NUMBERING  Descriptive  part  numbering  of  MINNIE 
connectors  follows  that  used  with  AN  (MS)  connectors. 

NOMINAL  CURRENT  RATING  #20  contact  is  rated  at  7.5 
amperes  and  #16  contact  at  17.0  amperes. 

OPERATING  TEMPERATURE  -67“F.  (-55“C.)  to  -f257'F. 
(+125'’C.). 


HOODED  SOCKET  CONTACTS 

,  --  ^ 

Both  #16  and  #20  socket  (female)  contacts  of  amphenol 
minniK  connectors  are  resistant  to  test  prod  damage.  The 
entering  end  of  the  socket  has  a  one-piece  hood  that  ex¬ 
cludes  the  entrance  of  a  pin  0.005'  larger  than  the  diam¬ 
eter  of  the  mating  pin.  amphenol  Specification  34C-43- 
2108,  paragraph  4.5.14,  gives  this  test  to  bo  used  tc  deter¬ 
mine  resistance  to  test  prod  damage: 

“A  test  prod  of  hardened  steel  having  a  dia'neter 
equal  to  a  nominal  mating  pin  shall  be  inserted  into 
each  socket  contact  to  (a)  .200  inch;  (b)  .255  inch;  and 
(c)  .310  inch  depth.  At  each  of  these  depths,  meas¬ 
ured  from  the  face  of  the  insert,  a  bending  moment 
of  2  inch  lbs.  ±10  percent  shall  be  applied  to  the  IS 
size  contact  prod  and  a  bending  moment  of  0  8  inch 
lbs.  ±10  percent  shall  be  applied  to  the  20  size  con¬ 
tact  prod  about  the  inserted  ends  of  the  prod.  The 
connector  shall  be  rotated  in  one  direction  through 
360  degrees  in  order  that  a  uniform  force  is  applied 
to  the  inside  surface  of  the  socket  contact.  This  test 
shall  be  performed  with  the  socket  contacts  in  the 
inserts  and  the  contacts  locked,  if  necessary,  to  pre¬ 
vent  rotation  in  the  inserts  during  the  test.” 

After  withdrawal  of  the  fixture  at  the  completion  of 
the  above  procedure,  the  force  needed  to  engage  or  sepa¬ 
rate  the  socket  contact  shall  not  exceed  the  following 
values: 
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FEATURES  OF  AMPHENOL  mnniF:  CONNECTORS 

CD  Environmentally  sealed  with  unitized  back  end  grom¬ 
met.  (Also  available  with  provision  for  potting.) 
Grommet  seal  (type  “E”)  meets  altitude-moisture 
resistance  requirements.  Either  grommet  seal  or  potted 
seal  meets  moisture  resistance  requirements  of  MIL- 
C-5015C,  Paragraph  4.5.21. 

(D  Spring-loaded  coupling  fing  provides  a  positive  lock¬ 
ing  action  in  the  bayonet  slot,  and  a  constant  compen¬ 
sating  force  which  eliminates  the  effects  of  resilient 
face  seal  compression  set. 

(j)  Stainless  steel  bayonet  slots  and  pins  reduce  wear  and 
frictional  characteristics  and  eliminate  wear  encoun¬ 
tered  with  “hard-coat”  and  similar  surface  treatments 
of  softer  base  metals.  The  three  pin  bayonet  coupling 
minimizes  the  rocking  action  of  the  mated  plug  and 
receptacle. 

(D  Flattened  incline  angle  of  bayonet  slots  reduces  mating 
force  requirement. 

Hooded  contacts  resist  test  prod  damage  as  defined  in 
Paragraph  4.5.14  of  amphenol  SpeciAcation  340-43- 
2108. 

(i)  Unitized  grommet  seal;  clamp  and  grommet  form  a 
single  unit  for  ease  of  assembly  and  maintenance. 

(T)  Face  seal  gasket  with  individual  barriers  to  isolate 
each  contact. 

(D  Hard  insert  dielectric  (plus  resilient  face  seal)  posi¬ 
tively  retains  contacts  w’ith  no  possibility  of  contacts 
being  pushed  out  of  the  insert. 

(D  A  visual  full  engagement  indicator  is  included  in  the 
design  to  insure  the  user  that  he  has  fully  engaged 
the  connectors.  The  indicator  is  an  orange  line  around 
the  receptacle  shell. 

•  Insulation  resistance  of  “E”  type  following  altitude- 
moisture  resistance  test  is  a  minimum  1000  megohms. 
MIL-C-5015C  minimum  following  type  “E”  test  is  1(X) 
megohms. 

•  When  using  mated  sealed  connectoi's,  no  derating  for 
altitude  is  necessary  at  70,000  feet. 

•  Test  voltage  1,500  volts  RMS  70,000  feet  on  sealed 
connectors. 

•  Vibration  per  Method  204  of  MIL-Std-202A.  10  to  2,000 
cps  at  20  g’s. 

•  Temperature  cycling  range  per  MIL-C-5015C,  Para¬ 
graph  4.5.3  increased  to  257°F.  maximum  and  —67^. 
minimum. 
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Send  for  your  copy  of  the  minniE  catalog  to 
obtain  complete  information. 

0)  AMPHENOL  ELECTRONICS  CORPORATION 

1830  S.  54th  Ave.,  Chicago  50,  Illinois 
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X  hese  new  Series  1591  Electrical  Counters  fill 
the  gap  between  standard  and  electronic  counters  for 
industrial,  data  processing,  or  laboratory  and  scientific  uses. 
They’re  designed  for  accuracy  and  long  life  at  very  high 
speeds  (rated  at  3000  counts  per  minute,  with  extended 
test-runs  up  to  6000  cpm). 

And  they  have  the  unmatched  convenience  of  instant 
push-button  resetting,  either  mechanically  right  on  the  machine 
...  or  electrically  from  a  distance.  Panel-groups  of  these 
counters  can  be  placed  right  in  your  office  .  .  .  and  one  button 
can  reset  an  entire  panel.  Counters  feature  large  figures, 
small  size,  low-wattage  coils  for  continuous  duty  and  other 
V-R  vantage  points  on  which  patents  are  pending. 

These  new  and  different  counters  are  the  latest  evidence 
that  Veeder-Root  design  and  development  always  keep 
pace  with  modem  counting  requirements.  Write  for 
specifications  and  prices. 


...with 
electric  resetting 
in  1/lOth 
of  a  second 


~  Added  Evidence 
that  Everyone 

Can  Count  on 


INCORPORATED 

HARTFORD  3,  CONNICTICUT 

Hartford,  Conn.  •  GroenvilU,  S.  C.  •  Altoona,  Po.  •  Chicasa 
New  Yorh  •  lot  Angeles  •  Son  Francisco  •  Montreol 
Offices  and  Ag»nti  in  frintipal  Cities 
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U.  S.  Air  Fore*  personnel  remove  25,137  hour  klystron  from 


Eimac  Klystrons  Going  Strong 

after  25,000  Hours  in  Pole  Vault  Tropo-Scatter  Service 


edvanced  Pole  Vault  base.  Department  of  Defense  Photograph. 


After  25,137  hours  on  the  oir,  and  still  in  perfect  operating 
condition,  this  Eimoc  3K50,000LF  UHF  klystron  has  been  ac¬ 
quired  through  the  cooperation  of  the  U.S.  Air  Force  and  Cana¬ 
dian  Marconi,  Ltd.  This  klystron  was  one  of  the  original  tubes 
installed  in  Project  Pole  Vault,  the  first  tropo-scotter  communi¬ 
cations  line  ever  established.  The  tube  is  just  one  of  a  number 
of  Eimoc  klystrons  that  hove  exceeded  25,000  hours  of  reliable 
on-the-oir  time  in  this  system.  Eimoc  klystrons  ore  used  os  final 
amplifiers  in  the  Pole  Vault  10  kilowatt  transmitters  that  handle 
multiple-channel  voice  and  teletype  communications.  Experi¬ 
ence  with  this  first  system  in  our  early  warning  defense  network 
confirmed  klystron-powered  tropospheric  scatter  as  an  out¬ 
standingly  dependable  system  of  long  distance  communication. 


The  exceptional  performance  of  these  tubes  under  the  diffi¬ 
cult  logistical  and  environmental  conditions  of  the  for  north  is 
indicative  of  the  reliability  and  conservative  rating  of  perform¬ 
ance-proved  Eimoc  external-cavity  klystrons.  Eimac  amplifier 
klystrons  are  now  being  used  extensively  for  tropo-scatter  com¬ 
munications  throughout  the  United  States,  Canada  and  other 
regions  of  the  world.  Eimac  klystrons  for  communications  and 
pulse  applications  ore  now  available  covering  frequencies 
from  VHF  to  SHF  and  to  multi-megowott  output  powers. 


For  further  information,  write  for  a  copy  of  the 
24  page  booklet  "Klystron  Facts  Case  Five." 


EITEL-McCULLOUGH,  INC. 

SAN  BRUNO  •  CALIFORNIA 

^Oh€IC  for  reliable  tropo-scatter  klystrons 


Products  Designed  and  Manufactured  by  Eimac 


Negative  Grid  Tubes 
Reflex  and  Amplifier  Klystrons 
Ceramic  Receiving  Tubes 


Vacuum  Tube  Accessories 


Vacuum  Switches 


Vacuum  F^jmps 


Includes  the  most  extensive  line  of  ceramic  electron  tubes 


i^a^ad 


For  Safe,  Dependable  Electrical  Protection 

•  •  •  Standardize  on  BUSS  Fuses! 


To  make  sure  of  proper  operation 
under  all  service  conditions  .  .  .  every 
BUSS  fuse  is  tested  in  a  sensitive  elec¬ 
tronic  device  that  automatically  rejects 
any  fuse  not  correctly  calibrated,  prop¬ 
erly  constructed  and  right  in  all  physical 
dimensions. 

This  careful  testing  is  your  assurance 
BUSS  fuses  will  provide  equipment 
with  maximum  protection  against  dam¬ 
age  due  to  electrical  faults. 

Just  as  important,  BUSS  fuses  will 
not  give  a  false  alarm  by  blowing  need¬ 


lessly.  Shutdowns  due  to  faulty  fuses 
blowing  without  cause  are  eliminated. 

By  specifying  dependable  BUSS 
fuses,  you  help  safeguard  the  gf>od 
name  of  your  equipment  for  quality 
and  reliability. 

Complete  Line — There  is  a  complete 
line  of  BUSS  fuses  in  sizes  from  1/500 
ampere  up  .  .  .  plus  a  companion  line 
of  fuse  clips,  blocks  and  holders. 

If  your  protection  problem  is 
unusual  .  .  . 

.  .  .  let  the  BUSS  fuse  engineers  work 


with  you  and  save  you  engineering 
time.  If  possible,  they  will  suggest  a 
fuse  already  available  in  local  whole¬ 
salers’  stock,  so  that  your  device  can 
be  easily  serviced. 

Before  your  final  uesign  is  crystal¬ 
lized,  be  sure  to  get  the  latest  informa¬ 
tion  on  BUSS  and  FUSKTUON  Small 
Dimension  fu.ses  and  fu.seholders  .  .  . 
Write  for  bulletin  SFB. 

Bussmann  Mfg.  Division  McGraw- 
Kdi.son  Co.,  University  at  Jefferson, 
St,  Louis  7,  Mo. 


BUSS  fuses  are  made  to  protect  not  to  blow,  needlessly 


rtUttWOttMT  MAMfl  m 
iitcnKMi  Mprtcrt««f 


Buts  makpK  a  com* 
piptp  linp  of  fu»«s 
for  homo,  form, 
commprciol,  olec* 
tronic,  outomotiv* 
and  industrial  uso. 
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TUNING  FORK 
RESONATORS 


UNDER 


SHOCK  ahB  VIBRAXI^iN 


\  th^  ultimate  inl^ 

'E_. 

precision  audio  \ 
frequency  control 


90  HOPPER  STREET,  WESTBURY,  LONG  ISLAND.  N.Y.  •  EDgewcod  3-1700 


MODEL  SMJ 

accuracies  to  ^.01%,  -55°C  to  +55°C 
frequencies  from  400  to  2,000  cps. 

MODEL  SMG 

accuracies  to  ^.001%,  zero°C  to  +75®C 
frequencies  from  960  to  2,000  cps. 

SHOCK:  15  G's  11  milliseconds 

VIBRATION :  while  operating, 

.5"  displacement  to  7.5  cps,  1.5  G's  from  7.5  to  22  cps,  .06" 
displacement  22  to  80  cps,  20  G's  from  80  to  2,000  cps. 


( 


I 

! 


When  you  need  precise,  permanently  visible  measure-  The  trace  presentation!  Brush  offers  curvilinear 

xnents  of  electrical  or  physical  phenomena,  make  your  and  rectilinear  readout.  Both  methods  produce  ultra- 

logical  choice  of  equipment  from  the  newest  Brush  //near  traces— clear ...  sharp ...  easy  to  read, 

designs  in  ultralinear  recording  systems.  For  your 

specific  application,  now  choose . . .  The  configuration!  Choose  from  vertical  or  hori¬ 

zontal  writing  tables,  rack  mounted  or  portable 
The  writing  method!  Because  different  problems  models,  widest  selection  of  chart  speeds  available  from 

demand  different  writing  methods.  Brush  gives  you  50"/sec.  to  10"/day,  providing  optimum  resolution 

your  choice ...  ink  ...  electric ...  thermal  writing.  on  all  signals.  Electrically  controlled  chart  drive 
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transmissions  permit  instantaneous  switching  on  the 
spot  or  by  remote  control. 

New  functionally  designed  control  panels  are  clean, 
legible,  easy  to  understand.  .-Ml  com|X)nents  are  readily 
accessible  for  fast  inspection  and  simple  adjustment. 


industry  are  included  with  every  Brush  product. 


Factory  branches,  sen  ice  and  warehousing  at  Arlington, 
Va.,  Cleveland  and  Los  Angeles;  engineering  representa* 
lives  in  all  key  locations. 


INSTRUMENTS 


CLEVELAND  14.  OHIO 
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Reverse  current:  lO'"^  amp.  Rectification  ratio:  10,000,000:1 

Now. . .  new  efficiency  for  TV  power  supplies  with 
dependable  diodes  of  Du  Pont  Hyperpure  Silicon 


More  efficient  power  supplies  .  .  .  sav¬ 
ings  in  space  and  weight  .  .  .  important 
reasons  why  TV  manufacturers  are  re¬ 
placing  conventional  rectifying  systems 
with  silicon  diodes.  Today,  several  types 
of  silicon  diodes  and  rectifiers  are  read¬ 
ily  available  for  TV  circuits.  TV  manu¬ 
facturers  have  tested  silicon  rectifiers 
and  report  no  noticeable  change  in  out¬ 
put  voltage  under  continuous  load  con¬ 
ditions  over  long  periods  of  time.  Sili¬ 


con  components  can  operate  in  ambi¬ 
ents  from  —6.5°  to  1.50°  C.  They  main¬ 
tain  excellent  electrical  stability  and 
resist  aging. 

Silicon  components  have  high  shock 
and  vibration  limits.  They  are  up  to 
99^c  efficient  in  units  operated  at  W)  cps. 
and  recpiire  little  maintenance.  Silicon 
cells  permit  a  rectification  ratio  as  high 
as  10  million  to  1 — almost  negligible 
reverse  conductance.  Silicon  bridges  are 


available  with  ratings  from  1  to  1.0(K) 
amperes  and  more  than  <><K)  volts  rms. 

Note  to  device  manufacturers  :Ynii  can 
|iro<hice  silii'on  transi^lors,  rectifiers  and 
diodes  of  the  highest  ipialitv  with  I)ii  Pont 
llvjM'rpiire  Silicon.  It's  now  available  in 
three  grades  for  niaxiniiini  eliicieiu’V  and 
ease  of  use  .  .  .  with  a  purity  range  of  .'1  to 
11  atoms  of  boron  jM-r  billion.  Teehnical 
information  on  crystal  growing  is  available 
from  Du  Pont  .  .  pioneer  producer  of 
s<-miconductor-graile  silicon. 


^NEW  BOOKLET  ON  DU  PONT  HYPERPURE  SILICON 

You’ll  find  our  new,  illustrated  booklet  about  Hyperpure  Silicon 
helpful  and  interesting — it  descrilies  the  manufacture,  properties 
and  uses  of  Du  Pont  Hyperpure  Silicon.  Just  drop  us  a  card  for 
your  copy.  E.  I.  du  Pont  de  Nemours  &  Co.  (Inc.),  Pigments  De¬ 
partment,  Silicon  Development  Group,  ilmington  98.  Delaware. 
(This  offer  limited  to  United  States  and  Canada.) 


PIGMENTS  DEPARTMENT 

HYPERPURE 
SILICON 

BETTER  THINGS  FOR  BETTER  IIVING 
.  .  .  THROUGH  CHEMISIKY 
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Reliability 


Yarn  control  of  the  Cobble 
Bros.'  Tufting  Machine  is 
through  electrical  contact 
fingers  which  transmit  impulses 
to  120  CLARE  RELAYS  each 
controlling  two  electro¬ 
magnetic  clutches. 


COBBLE  BROS.’  controls  were 
designed  around  Clare  Relays 

“The  most  important  reason  Clare  Mercury -Wetted -Contact 
Relays  were  chosen  as  the  basic  components  for  this  control  is 
their  reliability.” 

Assurance  of  billions  of  trouble-free  o|:)erations  caused  engineers 
of  Cobble  Bros.  Machinery  Co.  to  design  their  electrical  control 
system  around  Clare  HG  relays. 

There  are  120  Clare  HG  Relays  in  controls  of  the  Cobble 
Yardage  Tufting  Machine  shown.  They  receive  impulses  from 
120  electrical  contact  fingers  as  they  “read”  the  pattern.  The 
relays  operate  electro-mechanical  clutches  to  translate  these  im¬ 
pulses  into  intricate  carpet  designs. 

Reliability  means  freedom  from  costly  maintenance.  If,  like 
Cobble  Bros.’  engineers,  you  want  only  the  best  for  your  design, 
let  us  tell  you  ALL  about  Clare  Mercury-Wetted-Contact  Relays. 
Address:  C.  P.  Clare  &  Co.,  3101  Pratt  Blvd.,  Chicago  45,  Illinois. 
In  Canada:  C.  P.  Clare  Canada  Ltd.,  2700  Jane  Street,  Toronto 
15.  Cable  address:  clarelay. 

FIRST  in  the  industrial  field 


Each  relay  Is  housed  with  a 
transistor  in  this  modular  type 
unit.  The  module  is  then  plugged 
into  the  control  system. 


Send  for  Clare  Bulletins 
120  and  122 


I 


ss4on 


mn** 


Quick-Opening  Fasteners 

Selecting  Small  Fastenings  for  Metal  Closures 

"Use  captive  fasteners  wherever  feasible  .  .  .  Avoid  the  use  of  loose  washers  and  loose 
nuts  .  .  .  Fasteners  on  equipment  covers  should  be  operable  either  with  no  tools  or  with 
standard  hand  tools'’^ 

{John  D.  Folley,Jr.  &  James  IF.  Altman,  Research  Scientists,  American  Institute 
for  Research) 


Quarter-Turn  Fastener 

Lion  Fasteners  open  and  close  with  a 
Vi  turn,  hold  sheets  tightly  under  the 
compression  of  a  rugged  spring. 
Quickly  operated  and  fully  retained 
in  the  outer  panel,  they  are  approved 
under  U.  S.  Government  military  speci¬ 
fications.  Stud  and  receptacle  float  for 
easy  alignment  and  simplified  hole 
preparation.  Flush,  oval,  wing,  knurled, 
ring,  and  key  head  styles  available. 
Sizes— No.  2,  No.  5,  and  High  Strength 
for  extra  heavy  duty. 


Cabinet  Latch 

Just  drill  a  hole,  push  the  fastener  stem 
through,  and  slide  the  special  push-on 


clip  into  place.  No  welds,  screws,  bolts 
or  rivets:  the  fastener  is  permanently 
installed  in  seconds ! 

Adjustable  to  any  grip  length  or  panel 
thickness,  the  pawl  is  fixed  in  place  by 
a  single  set  screw.  The  fastener’s 
brightly  finished  knob  is  set  off  by  a 
plated  washer.  Also  furnished  with 
screwdriver  operated  flush  head. 


Spring  Tension  Latch 

For  fastening  slide-out  drawers  and 
hinged  panels  the  Southco  Arrowhead 
Latch  is  recommended.  It  locks  or 
opens  with  a  quarter  turn  yet  occupies 
less  than  Vi"  inside  space. 

Doors  are  held  under  spring  tension— 
a  push  against  the  arrowhead  knob 
relaxes  this  tension,  allows  operation 
with  fingertip  ease.  Drill  a  single  hole 
for  installation— no  fastening  to  the 
door  is  necessary  No  striker  plate 
is  needed. 

Pawl  stop  is  eliminated— arrowhead 
shows  at  a  glance  exact  position  of 
pawl. 


1^^  ^  J 

Adjustable  Panel  Latch 

Small  doors  and  panels  can  be  fastened 
with  greatest  speed  and  lowest  cost 
with  the  Southco  Adjustable  Latch. 

The  entire  fastener  is  quickly  installed 
through  two  holes  punched  in  the 
door,  no  bolts  or  rivets  are  needed. 

It  operates  with  a  quarter  turn,  requires 
no  striker  plate.  An  extra  twist  after 
the  nylon  pawl  is  engaged  pulls  up  the 
door  to  form  a  seal  and  eliminate 
vibration. 

Available  with  wing,  knurled,  or 
Phillips  head. 


Free 

Fastener 

Handbook 


Send  for  your  free  copy  of  Fastener 
Handbook  No.  8,  just  released.  Gives 
complete  engineering  data  on  these 
and  many  other  special  fasteners. 
FOrty-eight  pages,  in  two  colors. 

W'rite  on  vour  letterhead  to  Southco 
I'Hvision,  South  Chester  Corporation, 
253  Industrial  Highway,  Lester,  Pa. 


9|e  Quotation  from  "Dtsif^g  Electronic  Equip- 
ment  for  Maintainability" ;  Machine  De- 
sign,  July  12,  19S6. 
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Your  Rpace  proMein  may  !‘eeiii  impossible,  but — try  Allen-Bradley 
Type  TR  resistors.  You’ll  be  able  to  trim  space  requirements  way 
down  .  .  .  wilb  no  sacrifice  in  quality  or  reliability.  These  unbelievably 
small  composition  resistors  are  made  by  the  same  basic  hot  molding 
process  as  is  used  for  the  larger  Allen-Bradley  resistors  .  .  .  assuring 
complete  freedom  from  calastropbic  failures.  The  Type  TR  resistors 
have  an  insulating  coating  that  will  withstand  a  continuous  maximum 
voltage  of  2(M)  volts  d.c. 

^  here  higher  ratings  arc  needed  .  .  .  and  quality  is  important  .  •  . 
it’s  still  Allen-Bradley!  These  larger  sizes  have  an  insulating  jacket 
that  eliminates  the  need  for  impregnation  .  .  .  yet  provides  reliable 
protection  against  long  periods  of  high  humidity. 

Allen-Bradley  makes  other  space-saving  components,  too  .  .  .  in¬ 
cluding  bermetically  sealed  resistors,  variable  resistors,  capacitors,  and 
filler  elements  ...  all  built  to  Allen-Bradley's  quality  standards.  For 
detailed  specifications  and  application  data  send  for  I'ublication  6024. 

Allen-Bradley  Co.,  110  W.  Greenfield  Ave.,  Milwaukee  4,  Wis. 

In  Canada:  Allen-Bradley  Canada  Ltd.,  Galt,  Ont. 


ALL^^BR^LEY 

ELECTRONIC  COMPONENTS 


l/8-Walt  retiilor 
htrmelicolly  sealed 


1/4-Woft 

resistor 


1/4-Wotl  resistor 
hermetically  seated  ^  ' 


bore  disc  ceramic 
copocitors 


Type  G— t/2-wott 


SMFO  feed- 
thru  fitter 


Type  F — 1/4-watt 
variable  resistor 


voriable  resistor 
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SPACE  PROBLEM  SOLVED 

w„h  ALLEN-BRADLEY  ["  7  ' 

Hot  Molded  Resistors  i  . 

■  "  '  '  ■  "  I  ■  '■■■■■■  ■-I—  ■■  — •  l/lO-Wolt 

I  resistor 


Sonotone  Model  222  Hearing  Aid  is  completely  self-contoii 
signed  to  be  worn  and  supported  entirely  within  the  ecK,  Eight  A-S 
Type  TR,  l/lO-wott  resistor*  ore  used  in  the  three-tronsiitor  amplifier. 


3  Times 
actual 


LIFE  LINE 
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ElacIraiMCMtk  p»»Witiiim  of  cutung  edges  is  directed  by  this  etched 
nietal  bar,  a  significant  innovation  which  aided  in  the  Hughes 
Products  development  of  the  first  all-clcctronically  controlled  ma¬ 
chine  tool  line. 

Data  pracaatart  under  development  at  Hughes  Fullerton  will 
monitor  the  action  of  hundreds  of  aircraft  and  store  the  changing 
tactical  utuation  in  electronic  memories  for  high-speed  assignment 
of  defense  weapons.  ^ 


THE  LE-A.E  INTO  OXJTEH  SE-A.OE 


Our  only  link  with  outer  space  is  the  advanced  Communi¬ 
cations  System.  Our  progress  in  space  technology  has 
become  dependent  on  solving  the  vast  network  of  new 
problems  which  the  Space  Age  has  imposed  on  the  field  of 
Communications. 

To  meet  these  problems  the  Hughes  Communications 
Systems  Laboratones  is  drawing  upon  its  continuing  efforts 
in  the  field  of  Global  Airborne  Communications.  Such 
newly  devised  Hughes  hardware,  at  left,  for  example, 
illustrates  the  use  of  high-reliability  wire  wrapping  to  re¬ 
place  soldered  connections  and  the  use  of  inexpensive 
miniaturized  “cordwixxl”  circuit  modules  to  make  pisssiblc 
high  component  density. 

New  methods,  such  as  Hughes-pioneered  digital  tech¬ 
niques,  are  being  formulated  to  achieve  the  long-range 
goal  of  developing  communications  systems  capable  of 
deflecting  their  signals  from  meteors,  artificial  satellites, 
and  even  the  moon.  Still  other  methods  are  being  devel¬ 


oped  for  systems  which  will  transmit  intelligence  through 
media  impervious  to  radio  frequencies  by  mtxlulating  fre¬ 
quencies  far  up  the  electromagnetic  spectrum. 

Advanced  thinking,  diversification,  and  expansion  are 
also  taking  place  in  other  areas  of  the  Research  &  Develop¬ 
ment  Laboratories,  of  which  Communications  is  a  part . . . 
in  Hughes  Prtxlucts,  the  commercial  activity  of  Hughes 
...  in  Hughes  Fullerton,  where  three-dimensional  radar 
systems  are  under  development ...  in  Hughes  El  Segundo, 
the  manufacturing  facility  for  complex  electronics  systems 
. . .  and  in  Hughes  Tucson,  where  guided  missiles  arc 
manufactured. 

Never  before  have  the  opportunities  at  Hughes  been 
more  promising! 


New  commercial  and  mililarY  contracts  have  created  an  immediate 
need  for  engineers  in  the  following  areas: 

Nuclear  Electronics  Field  Engineering 


Microwaves 
Communications 
Reliability 
Circuit  Design 


Vacuum  Tubes 
Crystal  Filters 
Systems  Analysis 
Computer  Engineering 


Write  in  conjiderut  to  Mr.  Phil  N.  Scheid, 

Hughes  General  Offices,  Bldg.  6-W,  Culver  City,  California. 


the  West’s  leader  in  advanced  eleitronUs 


HUGHES  AIRCRAFT  COMPANY 
Culver  City,  El  Segundo, 

Fullerton  and  Los  Angeles,  California 
Tucson,  Arizona 


WMCon  liww.  Visit  uur  booths  1401,  140a,  l8ia,  and  1813  or  the  Hughes  recruiting  suites  at  the  Chapman  Park  Fh'tel 


, - , 

HUGHES 

I _ I 

O  MUOMtt  AinCMArT  COMPANY 
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S  MICRO  SWITCH  Precision  Switches 


We've  Miniaturized  the  Subminiature  I 


WEIGHT:  1  gram.. .  28  switches  to  the  ounce.,  .over  430  to  the  pound.  SIZE:  .500"  long,  .200"  wide,  .350"  high. 
CUBIC  CONTENT:  .035  cubic  inches.  ELECTRICAL  RATING:  5  amps-250  vac,  30  vdc.  SPOT. 


^  Honeywell 

. I  MICRO  SWITCH  PRECISION  SWITCHES 
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The  two-u>ord  name  micro  SWITCH 
is  NOT  a  generic  term.  It  is  the 
name  of  a  division  of  Honeywell, 
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Actut!  Siz* 


After  a  long  period  of  laboratory  devel¬ 
opment,  MICRO  SWITCH  announces  this 
new,  highly  miniaturized  precision  snap- 
action  switch  and  a  complementary  line 
of  actuators. 


We  call  it  the  “Sub-subminiature!” 


This  new  “SX”  basic  switch  represents 
an  entirely  new  set  of  answers  to  the 
space-weight  problems  in  dependable 
precision  switching.  It  combines  new 
small  size  with  more  than  ample  capac¬ 
ity  for  wide  usefulness,  meeting  the 
pressing  demand  for  miniaturization 
combined  with  reliability. 


In  its  exacting  development,  many  prob¬ 


lems  of  design,  testing  and  quality  con- 
•trol  presented  themselves.  However,  23 
years  of  experience  proved  of  immense 
value.  As  a  result,  a  new  standard  has 
thus  been  set  by  which  all  precision 
switches  must  be  measured. 


This  broad  experience  can  prove  of  equal 
value  to  you.  Send  for  more  information 
about  this  new  switch.  Request  Data 
Sheet  No.  148. 


MICRO  SWITCH...FREEPORT,  ILL. 

A  division  of  Honeywell 
In  Canada:  Honeywell  Controls,  Ltd., 
Toronto  17,  Ontario 


ELECTRICAL  INDUSTRIES 


A  uiviBwn  of  Phwps  Electronics,  Ine 


MURRAY  HIU.  N.  J. 


PatenUd  in  Canada,  No.  523,390:  in  Unitad  Kingdom,  No.  734.583;  iicanstd  in  U.S.  undar  Patent  No.  2561520 
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WHY  IN  THE  WORLD 


use  w 


glass-to-metal 

seals? 


Super-rugged 
Compression  Seals 


Single  Lead  | 

Terminals  i 


End  Seals  for 
Tubular  Components 


-A  GOOD  QUESTION^AND  ; 


here's  the 


Multiple 

Headers 


answerl 


Threaded 
End  Seals 


You  can  altvays  depend  on  the  lend.-r— 
Electrical  Industries  glass-to-metal 
have  been  an  industry  standard  since 
1940.  With  research,  development  and 
manufacture  devoted  exclusively  to  the 
production  of  hermetic  seals,  E-I  has  the 
experience  and  facilities  to  solve  your 
most  difficult  sealing  problems. 

The  E-I  standard  line  offers  designers 
and  engineers  a  choice  of  hundreds  of 
types  of  seals  that  reflect  the  economies 
of  mass  production  methods.  In  addition, 
E-I  designs  custom  types  for  .special 
applications,  or  will  seal  components  of 
your  manufacture.  Call  or  write  E-I  for 
catalog,  or  send  drawings  for  recommen¬ 
dations  on  your  sealing  application. 


Transistor 

Closures 


Miniature 

Closures 


Color  Coded 
Terminals 


‘>;v. 


.:,^u 
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BVr, 


OUTPUT 


DfPfNOABlf  OUAKTY  IN  QUANTITY  ‘ 

MOTOROLA 

SEMICONDUCTORS 

MOTOROIA, INC. 
SOOS  I.  McDOWtll 
PHOINIX,  ARIZONA 


•  Rtw  Molarela 

Mau  TrwiwrtM. 

Wltk  CM  fOTIQWd 

It  thOMi  at 
ri(M  IS  iHOtt 
KtMl  tin. 


DHF  MESA  TBANSISTORS 


FOR  COMPUTE  TECHNICAL  INFORMATION 
concerning  Motorola  Mesa  Transistors 
contact  the  nearest  Motorola  regional  office; 
or  wire,  write  or  phone 
MOTOROLA,  INC  , 

5005  East  McDowell  Road,  Phoenix,  Aril. 

BRidge  5-4411  Teletype  PX80. 


th9  bo^fnnfng  of  an  axcttln^ 

na^  tranalaior  family 


Extreme  reliability  —  only  high  temperature 
materials  used,  process  carefully  controlled. 


A  Revolutionary  New  Family 

These  are  only  the  first  of  a  wide  variety  of  germanium 
Motorola  Mesa  Transistors  coming  your  way  soon. 


Higher  operating  temperatures. 

Rugged  —  withstands  SO.OOOG  acceleration. 

New  header  design  provides  effective  interelectrode 
capacitance  isolation  . . .  smaller  inductance. 


Low  nuclear  radiation  susceptibility. 


High  uniformity  —  "Normal"  instead  of 
"selected"  distribution. 


Operating  Temperatart 
100‘C  caM  temperature  with 
12  mw  dissipation 

Cermanlem  PNf 


Meets  or  exceeds  mechanical  and  environmental 
requirements  of  MIL-T-19500A. 


Modified  JETEC  20  case . . . 


hermetically  sealed. 


Operating  Temperature 
100‘C  case  temperature  with 
12  mw  dissipation 


Switching  Times 
in  the  order  of  10  mMsec 
Sermanium  PNP 


2N700  LOW-NOISE  NIGN-FREQIKNCY  AJMniFKR 


Power  Gain 


(fr  lOOt^  2(>On:s  \ 


2N700  600  mcs  I  I2db(8  200  ir.cs  I  .T.T  volts 


2NA9S  ULTRA  HIGH-SPEED  SWITCH 


TYPICAL  C  H  A  Ft  AC  T  E  R  1  S  T  1  C  B 

TYPE 

RVc. 

/co 

5  voits 

tisat. 
at  20  ma 

u 

max 

Pc 

2N69S 

20  volts 

.Rma 

30 

20  ma 

50  mw 

ON  DISPLAY  AT  WE8CON  BOOTH  62S-0 


REGIONAL  OFFICES 

aiooiFiiiD.  NEW  insiT 
540  IwAikvDrd 
WHWftor  5^7500 


CHICAGO  44.  lUMOIt 

4900  Wm*  ftoMmwy  Sirwt 
eSNrWowk  9-5700 


NOilYWOOO  M.  CAltfORNU 
4555  SwFW*  tewtotfd 
HO«It««94  5  3250 


In  Engineering— meet  a  man  who  gets  results 


Painting  pictures,  designing  missile  systems... 
creativity  typifies  the  General  Mills  engineer 

Meet  Dr.  Howard  Bailer,  art  collector,  amateur  painter,  and  Director  of  Engineering 
at  the  Mechanical  Division  of  General  Mills.  At  the  office  or  at  the  easel,  creativity  is  the 
mark  of  his  endeavor. 

This  same  creativity  is  the  distinguishing  feature  of  the  well  equipped,  highly  talented 
engineering  department  he  directs.  It  is  seen  in  every  staff  member— reflected  in  every  one 
of  their  projects,  some  of  which  include  . . . 


SUBSYSTEMS 

Inertial  Guidance  and  Navigation 
Special  Purpose  Electro-mechanical 
Analogue  Computers 
Special  Purpose  Digital  Computers 
Microwave  Radar  and  Beacons 
Fuzing  and  Arming  Devices 


SYSTEMS 

Airborne  Early  Warning 
Missile 

Geodetic  and  Survey 
Ground  Support  Equipment 
Naval  Ordnance 
Space  Vehicle  Guidance 


We  team  creative  engineering  with  intensive  research  and  fine  precision  manufacturing 
to  serve  the  nation’s  most  exacting  customers.  We’d  like  to  serve  you. 


Dr.  Bailer  has  been  engaged  in  a  wide  variety  of 
advanced  engineering  projects  for  18  years.  At 
General  Mills  he  directs  and  coordinates  ac¬ 
tivities  of  an  excellent  staff  of  unusually  capable 
engineers.  Dr.  Bailer  is  one  more  reason  our 
customers  say, "At  General  Mills,  we  get  results." 


MECHANICAL  DIVISION 


1020  Central  Avenue  .  Minneapolis  13,  Minnesota 
Intensive  Research  •  Creative  Engineering  •  Precision  Manufacturing 
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if  a  priceless  audience  switches  channels  ^ 

This  situation  has  happened  all  too  often  in  the  past.  W 

But  now  it  seldom  occurs,  because  most  of  the  vast  transmis- 
Sion  and  control  networks  are  designed  on  a  modular  basis. 

Circuitry  is  arranged  so  that  essential  elements  or  sub-assemblies 
can  be  disconnected  quickly . . .  and  spare  parts  inserted . . .  Wk  ^ 

while  parts  in  trouble  are  checked  when  convenient.  ■■ 

How  about  your  system  or  product?  Do  your  customers  iM 

encounter  loss  of  time,  loss  of  equipment  use,  loss  of  production  Wi 

because  of  hard-to-follow  wiring  or  transference  of  control  elements? 

Perhaps  the  reliability  of  your  products  could  be  improved  through  the 
use  of  Cannon  Plugs  modular  units.  Cannon  makes  over  27,000  V 

different  plugs— can  engineer  them  to  meet  your  requirements  in  W 

modular  "black-box”  unit  assemblies  to  minimize  interruptions  and  make  M 
it  possible  to  correct  them,  if  they  should  occur,  in  a  matter  of  seconds.  ■ 

Cannon  will  design  and  make  the  plugs  and  assemblies  you  need.  m 

Write  today  for  brochure  “The  Modular  Concept”  which  explains  how  ’ 

modular  designs  can  save  dollars.  Please  refer  to  Dept.  1 20. 

Cannon  Electric  Company,  3208  Humboldt  Street, 

Los  Angeles  31,  California. 


Where  Reliability 
for  Your  Product 
is  Our 

Constant  Goal 


! 


Handy  &  Harman  Silver  Powder  and  Flake  for  Electronic  Applications 
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Among  the  monyforms  of  silver 
and  silver  alloys  manufac¬ 
tured  by  Handy  &  Harman  are: 

ine  silver  (wire,  strip  and  foil)  • 
ilver  anodes  and  grain  for  plating  • 
ilver  contact  alloys  •  Silver  powders  • 
ilver  flake,  paints  and  paste  •  Silver 
razing  alloys  •  Silver  electronic 
>lders  •  Silver  sintered  metals  • 
older  -  flushed  silver  alloys  •  Silver 
iloride  and  oxide  •  Coin  silver  (wire 
id  strip)  •  Silver  bi-metals 


The  increased  acceptance  of  silver  powder  and  flake  in  electronic  circuitry 
and  components  has  created  a  demand  for  a  source  that  can  supply  these 
materials  at  a  consistently  high  level  of  quality. 

Handy  &  Harman  manufactures  silver  powder  and  flake  in  all  types 
and  forms,  for  use  in  formulations  on  printed  circuitry  and  wiring,  re¬ 
sistors,  condensers,  thermistors,  printed  terminal  strips  on  glass,  ceramics 
or  plastic  laminates,  etc. 

If  you  are  working  on  conductive  or  resistive  coatings  where  you 
require  excellent  electrical  conductivity.  Handy  &  Harman  will  welcome 
the  opportunity  to  assist  you  in  the  choice  —  or  discussion  of  any  silver 
product  that  may  interest  you.  Write  for  Technical  Bulletin  A-4  on  Silver 
Conductive  Coatings  and  Bulletin  A-5  on  Silver  Powder  and  Flake. 

Our  technical  service  and  field  application  experience  are  at  your  dis¬ 
posal  ...  we  welcome  inquiries  on  products  and  product  problems  involving 
any  form  of  silver. 


Your  NO^M  Source  of  Supply  and  Authority  on  Silver  Alloys 

^^£7  HANDY  &  HARMAN 

e»n«rmt  83  fylten  St.,  Ymrk  38,  U.  T. 

iflBi  V  DisrRi8UTOHS  m  pumctPRi  cirifs 


Different  Attenuators  in  The 


PRD  PACEMAKER  LINE 


down  th*  line  of  th«M  PACIMAKIiS. 

Div«rM  In  function,  tlioy  oro  all  choroctor* 
iitd  by  (impiicity  of  oporotion,  higbor 
accuracy,  groottr  ttrongtb  factor*  .  .  .  and 
low  cost  rMulting  from  volumo  manufac¬ 
turing.  PRO  I*  tho  lorgott  mokor  of  micro- 
wav*  in«trum*ntation,  th*  PRO  PACIMAKiR 
UNI  it  mor*  complot*  than  any  otbor. 


WAVIOUIOI  ItOtATOtt 

St*  OitsUs  Psgt  A-21 


tOIAIT  itANDING  WAVI  OtTICTOt 

— ^  St*  Otultg  Png*  B‘J3  — 


OIIICTIONAl  countet 
Sti  Oitsltg  Pag*  C-9 


IXrANDIO  KAtl  rllOUINCT  MiTiM 

St*  Or/«/*(  PMgtD-t2  — 


LEVEL  SET  ATTENUATORS 


Designed  for  convenient  adjustment  of  power  level  and  for 
use  as  padding  devices,  these  units  cover  the  2.6  to  18.0 
KMC/s  range.  In  each  of  these  6  standard  waveguide  sizes, 
a  20  db  and  40  db  attenuation  range  is  offered.  Well-shielded 
attenuation  is  achieved  by  means  of  a  ruggedized,  shock 
and  moisture  resistant  element  which  is  mounted  parallel 
to  the  sidewall  of  the  waveguide.  Both  ends  of  this  element 
are  matched  to  provide  low  VSWR  (1.15  maximum). 
Smooth  variation  of  attenuation  is  obtained  by  means  of 
a  low  backlash,  multi-turn  drive.  Approximate  attenuation 
markings  are  provided  on  a  scale  which  is  calibrated  near 
the  center  of  the  waveguide  frequency  range. 


triCtIUM  ANAIVZIIS 

St*  OtUUg  Pmgt  F-13 


TMI*MlttO«  AND  MMOMITI*  MOUNTS 

St*  Pag*  E-13 


tb*  lototl  modok  of  tb*  most  complot* 
lino  of  microwov*  inttrumontinion  at  PRO'* 
WISCON  Beotbt  13S7-135S. 


For  complete  specifications,  see  page  A- 17  of  the  new  pro  Catalog. 


this  now  160  pogo  PRD  Microwovo  Catalog, 
largott  and  most  informotivo  ovor  pub- 
litbod,  availablo  without  coot  or  obligation 
to  tboto  actively  ongagod  in  microwovo 
work.  Writ*  for  your  copy,  giving  your 
nam*  and  titi*  on  your  company  lottor- 
bood. 


POLYTECHNIC  RESEARCH  &  DEVELOPMENT  CO.,  INC. 

202  Tillary  Street  •  Brooklyn  1,  N.Y. 


ELECTRONICS  engineering  edition  —  August  15,  1958 


CIRCLE  57  READERS  SERVICE  CARD 


•s  'V 

-  o:  -r; 


FREQUENCY  STANDARDS 


r- 


r  '< 

.J  •' 


*Z%"  high 
400  - 1000  cy. 


PRECISION  FORK  UNIT 

TYPE  50 

Size  1"  dia.  x  3\"  H.*  Wght.,  4  oz. 
Frequencies :  240  to  1000  cycles 
Accuracies: — 

Type  50  {±.02%  at  —65*  to  85*C) 
Type  R50  (±.0027o  at  15*  to  35*C) 
Double  triode  and  5  pigtail  parts  required 
Input,  Tube  heater  voltage  and  B  voltage 
Output,  approx.  5V  into  200,000  ohms 


•3^"  high 
400  to  500  cy. 
optional 


PRECISION  FORK  UNIT 

TYPE  2003 

Size  IM"  dia.  x  AM”  H.*  Wght.  8  oz. 
Frequencies:  200  to  4000  cycles 
Accuracies: — 

Type  2003  (±.02%  at  —65*  to  85*C) 
Type  R2003  (±.002%  at  15*  to  35" C) 
Type  W2003  (±.005%  at  —65*  to  85*C) 
Double  triode  and  5  pigtail  parts  requii-ed 
Input  and  output  same  as  Type  50,  above 


FREQUENCY  STANDARD  yi/A  , 

TYPE  2007-6 

TRANSISTORIZED,  Silicon  Typ^^ 
Size  dia.  x  5%*  H.  Wght.  7  oza. 
Frequencies :  400  —  500  or  1000  cycles 
Accuracies : 

2007-6  (±  .02%  at— 50*  to  -|-85"C) 
R2007-6  (±.002%  at  -fl5"  to  -fSS’C) 
W2007-6  (±.005%  at  —65"  to  -H25*(:) 
Input:  10  to  30  Volts,  D.  C.,  at  6  ma. 
Output:  Multitap,  75  to  100,000  ohms 


FREQUENCY  STANDARD 
TYPE-  2001-2 

Size  5%"  X  4%"  ar  6"  H.,  Wght.  26  oz.. 
Frequencies:  200  to  3000  cycles 
Accuracy:  ±.001%  at  20*  to  30*C 
Output:  5V.  at  250,000  ohms 
Input:  Heater  voltage,  6.3-12-28 
B  voltage,  100  to  300  V.,  at  5  to  10  ma. 


.MM 


ACCESSORY  UNITS 
for  TYPE  2001-2 

L — For  low  frequencies 

multi-vibrator  type,  40-200  cy. 

D — For  low  frequencies 

counter  type,  40-200  cy. 

H — For  high  freqs,  up  to  20  KC. 

M — Power  Amplifier,  2W  output. 

P — Power  supply. 


FREQUENCY  STANDARD 

TYPE  50L 

Size  5%"  X  iM”  X  SH"  High 
Weight,  2  lbs. 

Frequencies:  50,  60,  75  or  100  cycles 

Type  50L  (±.02%  at  —65*  to  85*C) 
Type  R50L  (±.002%  at  15*  to  35*C) 
Output,  3V  into  200,000  ohms 
Input,  150  to  300V,  B  (6V  at  .6  amps.) 


ilfi, 


FREQUENCY  STANDARD 
TYPE  2005 

Size,  8“  X  8“  X  7 High 
Weight,  H  Iba. 

Frequencies:  50  to  400  cycles 
(Specify) 

Accuracy:  ±.001%  from  20*  to  30*C 
Output,  10  l/atts  at  115  Volts 
Input,  115V.  (50  to  400  cycles) 


FREQUENCY 
STANDARD 
TYPE  212 1 A 

Size 

8\”  X  19”  jmnel 
Weight,  25  Iba. 

Output:  115  V 
60  cycles,  10  Watt 
Accuracy: 

±.001%  from  20*  to  30*C 
Input,  115V  (50  to  400  cycles) 


FREQUENCY  ^  _  — 

STANDARD  ■ 

TYPE  21 1 1C  ■  ^ 

Size,  with  cover  ■  Hi:: 

10”  X 17”  X  9”  H.  fl  ^ 

Panel  model 
10”  X  19”  X  8\”  H. 

Weight,  25  Iba. 

Frequencies:  50  to  1000  cycles 
Accuracy:  (±.002%  at  15*  to  35*C) 

Output:  115V,  75W.  Input:  115V,  50  to  75  cycles. 


This  organization  makes  frequency  standards 
within  a  range  of  30  to  30,000  cycles.  T hey  are 
used  extensively  by  aviation,  industry,  govern, 
went  departments,  armed  forces — where  maxi, 
mum  accuracy  and  durability  are  required. 

WHEN  REQUESTING  INFORMATION 
PLEASE  SPECIFY  TYPE  NUMBER 


American  Time  Products,  Inc. 


Watch 


Telephone:  PLaza  7*1430 


^^^Master 

Tinting  Systems 


380  Fifth  Ave.,  New  York  36,  N.  Y. 
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Conrietg  Mount  H'i/tofi  Obserratorp 


FROM  BEYOND  THE  SKY 
TO  BENEATH  THE  SEAS 


In  the  field  of  roinniunicationfi.  two 
extraordinary  exents  have  mxurred 
within  a  short  span  of  time.  One  was 
the  linking  of  Kiirofte  to  Ameriea  hy 
the  suhmarine  telephone  eahle.  Tlie 
other  was  the  sending  of  radio  sign.ils 
from  l\  S.  satellites  in  outer  spare. 

Hoth  achiexements  «le|>ende«l  on  de¬ 
velopments  from  Itell  Ttdepimne  Lah- 
orutories.  The  eahle  was  made  p<»ssible 


hy  development  of  long-life  elertnm 
tul>e  amplifiers  able  to  w  ithstand  crush¬ 
ing  pressure  on  the  iK’ean  floor.  The 
satellites  derive  their  radio  voiees  from 
transistors— products  of  basic  research 
in  semiconductor  physics. 

The  fleep  sea  amplifier  and  the  tran¬ 
sistor  illustrate  the  wide  range  of  work 
at  Hell  Telephone  l.ahoratories.  Here, 
over  'I(MK)  professional  s<  ientists  and 


engineers  explore  and  develop  in 
ph  ysics,  mathematirs,  electronics, 
chemistry,  mechanical  engineering, 
even  biology  — in  every  art  and  science 
which  can  help  improve  electrical 
communications. 

Through  this  work.  Bell  Telephone 
Laboratories  has  helped  make  your 
telephone  service  the  world's  finest  — 
and  will  keep  it  so. 


BELL  TELEPHONE  LABORATORIES 


WORLD  CENTER  OF  COMMUNICATIONS  RESEARCH  AND  DEVELOPMENT 


2N597 


2N598 


2NS99 


TYnCAl  DC  KTA  VS.  COllEOM  CUtRfNT 
CtOUNDED  EMITTR  (Vci  =  -I.OvI 


PHILCO.  CORPORATION 

LANSDALE  TUBE  COMPANY  DIVISION 
_  LANSDALE,  PENNSYLVANIA  f? 


o 


T  E  ^ 


*  High  Dissipation:  250  mw  at  25°C 

*  High  Current:  Max.  Ic  —  ”400  ma 

*  High  Temperature:  100°C  Max. 

*  High  Voltage:  Max.  Vcb  =  “30v 

*  High  Frequencies:  Min.  fab  to  12  me 


Announcing  a  new  Philco  family  of  PNP  ger¬ 
manium  alloy  junction  transistors  (In  TO-9 
(JETEC  30-type|  housing).  These  transistors 
feature  a  unique,  patented,  cold-welded  copper 
housing  and  internal  construction  that  result  in 
lower  junction  temperatures  at  normal  operating 
power  levels.  Design  of  the  2N597,  2N598  and 
2N599  insures  improved  life  and  reliability  at 
temperatures  as  high  as  100®C.  Available  in  pro¬ 
duction  quantities. 


The  high  beta  of  these  transistors  at  high  cur¬ 
rents  makes  them  particularly  applicable  to 
medium  speed  flip-flops,  logic  gates,  drum  writers 
and  core-driver  circuits.  The  30v  collector  rating 
provides  the  high  level  logic  swings  required  in 
many  data  processing  equipments.  At  200  ma  of 
collector  current  typical  rise  time  for  the  illustrated 
circuit  is  0.05  psec. 


Moke  Philco  your  primm  tourco  for  all  transistor  infor¬ 
mation  and  pricos.  Writo  Dopt.  £-858 


See  us  at  WESCONt  Booth  710  and  711. 


PERFORMANCE  DATA 


0#wml  forf^cmaiKt 


Hmn.  Hating*  **ON'  SwMch 
Poffarmaneg 
M«>.  M«k. 
Ic  Vet  Va  Vm 


I  Minimum 


Tatal  3S  C  =  250  mw 


TYPICAL  RISE  TIME  CIRCUIT 
2NS99 


TCHINO  TIMES _ _  ^  TEST  CiRCUi 

TYPICAL  DC  SETA  VS.  COLLECTOR  CURRENT 


-*  -i  -10  -to  -«0  -to  -00-100  -too  -MO 
COilCCTOa  CUBBCNT.  Iw  IN  MilllAMtftft 
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A*  air  motor  ipina  hiqh-exploslTo  charqo 
ia  maqnotic  field,  a  Mnsitive  iron  probe, 
riqidly  mounted  in  the  plane  of  the  bar¬ 
rier.  picks  up  Tariations  in  the  ilux  pat¬ 
tern  and  determines  the  concentricity 
oi  on  encapsulated  piece  of  steel  which 
ploys  a  key  role  in  controlling  detona¬ 
tion  pottem  oi  explosiTe 


Magnetic  Gage  Locates 
Encased  Metal  Parts 


Ma{:nf*tir-fieI(I  pickup  accurately  locates  the  exact  position  of  a  ferromajnietic 
harrier  encapsulated  in  a  sliapetl-cliarjre  t'ontainer.  Principle  is  use<l  to  deter¬ 
mine  whether  or  not  encasetl  ine»al  piece  is  off  center,  tilted  or  hoth.  High- 
exphisive  charge  containing  harrier  is  usetl  in  oil-well  blasting 

By  l*Al’L  SEAVl  AKl),  I’oulter  L.j»l>oratorlo*<,  Stanfonl  Kooiirch  Institute.  Menlo  Park.  California 


ACCURATELY  LOCATING  the  exact  exact  location  of  a  piece  of  steel  the  Rage.  The  meter,  amplifier,  and 
Xa  position  of  a  ferromagnetic  which  is  encapsulated  in  a  high-  power  supply  are  located  in  a  spe- 
object,  .solidly  embedded  in  a  casing,  explosive  charge  used  for  oil-well  cial  box  attached  to  the  outside  of 
is  accomplished  by  spinning  the  blasting.  In  this  application,  it  is  a  building. 

casing  in  a  magnetic  field  and  pick-  e.s.sential  to  check  the  exact  place-  The  shaped  charge  is  held  again.st 
ing  up  small  variations  in  the  flux  ment  of  the  steel  piece  after  the  ex-  the  brass  drive  .spindle  by  a 
pattern  of  the  encapsulated  metal,  plosive  charge  has  been  loaded,  for  brass  idler  shaft.  Equally  spaced 
Using  this  principle,  it  is  possible  this  curved  steel  barrier  plays  a  key  numbers  on  the  periphery  of  an 
to  determine  whether  such  an  en-  role  in  controlling  the  magnitude  aluminum  indexing  wheel,  fa.stened 
cased  object  is  in  its  proper  pt)si-  and  direction  of  the  high-velocity  to  the  brass  idler  shaft,  are  used 
tion,  is  off  center,  tilted  or  both.  jet  of  metal  discharged  w’hen  the  with  a  flashtube  circuit  to  indicate 

The  magnetic  concentricity  gage  charge  is  detonated.  the  direction  of  maximum  eccen- 

was  developed  to  determine  the  A  photo  shows  the  main  unit  of  tricity  of  the  barrier.  When  the 
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FIG.  1 — Diagram  clarliiM  piinclpl*  In- 
Tolvnd  in  the  detection  of  small  Toria- 
tions  in  the  flux  pattern  caused  by  spin¬ 
ning  ferromagnetic  ob|ect  (black)  in  a 
magnetic  field.  The  amount  of  eccen¬ 
tricity  is  exaggerated  to  emphasise  the 
▼ariation  in  flux  lines 


upper  spindle  engages  the  charge, 
an  air  motor  is  started  and  the 
upper  end  of  the  drive  spindle, 
pressing  against  the  copper  cavity 
liner  in  the  shaped  charge  causes  it 
to  rotate. 

The  spinning  shaped  charge,  ex¬ 
posed  to  a  magnetic  field,  produces 
a  flux  pattern.  As  the  steel  barrier 
rotates,  possibly  tilted  or  off  center, 
flux  variations  induce  a  voltage  in 
a  coil  that  is  wound  around  an  iron 
probe  and  placed  in  the  plane  of 
the  barrier  and  as  close  to  it  as 
practical.  Figure  1  shows  the  prin¬ 
ciple.  The  signal  voltage  is  ampli¬ 
fied  and  not  only  gives  a  measure  of 


the  amount  of  eccentricity  but  also 
fires  a  fiashtube  once  each  revolu¬ 
tion  to  give  an  indication  of  the 
position  of  maximum  eccentricity. 

The  sensitive  pickup  coil  probe 
consists  of  22,000  turns  of  No.  36 
enameled  wire  wound  on  a  bobbin. 
The  core  is  made  from  a  A-in.  stack 
of  0.014-in.  silicon  iron  laminations 
IJ-in.  wide  by  33-in.  long.  The  J-in. 
probe  point  width  was  achieved  by 
shearing  the  ends  of  the  lamina¬ 
tions  to  the  desired  shape  before 
they  were  inserted  into  the  coil 
bobbin.  The  whole  assembly  is 
vacuum-varnished  for  rigidity.  A 
rigid  mounting  is  fabricated  fropi 
hardwood  pieces  and  heavy  alumi¬ 
num  pillars,  so  that  relative  motion 
between  pickup  probe,  rotating  steel 
barrier  and  magnetic  field  is  due 
only  to  the  eccentricity  of  the  bar¬ 
rier.  A  permanent  magnet,  made 
from  two  pole-pieces  of  a  mag¬ 
netron  magnet,  provides  the  mag¬ 
netic  field. 

Measurements  of  the  voltage, 
generated  in  the  pickup  coil  by  test 
pieces  of  known  eccentricity, 
showed  that  the  coil  voltage  was 
directly  proportional  to  both  the 
barrier  offset  and  the  barrier  rota¬ 
tional  speed.  At  30  rps,  approxi¬ 
mately  6  millivolts  per  thousandth- 
in.  offset  was  generated  in  the  coil. 
This  voltage  is  read  on  a  vacuum- 
tube  voltmeter. 

The  fiashtube  trigger  circuit.  Fig. 
2,  uses  a  2D21  thyratron  .switch  to 
discharge  a  capacitor  across  the 
primary  of  a  high-voltage  pulse 
transformer  whenever  the  thyra¬ 


tron  is  fired.  The  high-voltage  pulse 
from  the  pulse  transformer  is  ap¬ 
plied  to  the  trigger  electrode  of  the 
flash-tube.  The  R-C  time  constant 
of  the  charging  resistor  and  energy 
storage  capacitor  was  chosen  to  fire 
the  2D21  reliably  to  a  maximum 
rate  of  60  times  a  second. 

A  three-stage  amplifier  with  clip¬ 
per  circuits  meets  the  requirements 
of  the  fiashtube  trigger  and  satis¬ 
fies  the  desired  accuracy  of  posi¬ 
tion-indication.  The  phase  shift 
through  the  amplifier  is  constant, 
within  a  few  degrees,  over  10  to 
100  cps,  the  range  of  input  frequen¬ 
cies  u.sed. 

The  amplifier  output  voltages  and, 
therefore,  the  eccentricity  magni¬ 
tude  reading  are  independent  of 
variations  in  the  barrier  rotational 
speed  over  a  reasonably  wide  range 
such  as  10  to  100  rps. 

A  plot  of  pickup  coil  voltage 
measurements  versus  the  barrier 
rotational  speed  indicated  that  the 
coil  voltage  increased  6  db  for  each 
octave  increase  in  rotational  speed. 
The  amplifier-clipper  circuit  was 
designed  so  that  output  voltage  de¬ 
creases  6  db  per  octave  from  5  to 
120  cps.  Thus  the  amplifier  output 
voltage  reading  for  a  barrier  of 
given  offset  remains  constant  re¬ 
gardless  of  variations  in  the  air- 
motor  speed. 

The  amplifier  provides  output 
voltage  as  a  linear  function  of  in¬ 
put  signal  voltage  from  0  to  70 
millivolts  rms.  This  results  in 
straight-line  calibration  graphs 
that  are  ea.sy  to  read  and  interpret. 


FIG.  2 — Floshlub*  trigger  circuit  use*  a  thyratron  nwltch  to  diacharg*  a  capacitor  acroaa  high-Toltago  pula*  tranalormar  primary 
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EXPLOSION  OF  A  BARRIER 
CHARGE 

Diogrom  thowi  what  hoppant  wh«n  a 
high-«xplosiv«  borriar  charga  i«  d«t- 
onotod  and  illuttratot  tk«  hay  rala 
playad  by  tha  curvad  tiaal  borriar  in 
shoping  tha  diraction  and  mognitwda 
of  tha  high-valo<ity  jat  of  matal  which 
parforatas  tha  matol  eating,  camant 
and  formation,  parmitting  tha  oil  to 
antar  tha  wall. 

This  charga  contains  19  groms  of 
high  axplosiva  (Cyclonito)  in  a  cosa 
moda  of  Zomak  S  (94  parcant  line) 
with  a  borriar  of  mild  staal  cantared 
os  occurotaly  os  pouibla. 

In  manufacturing  tha  shopad  charga, 
a  portion  of  tha  high  axplosiva  is  first 
prassad  into  ploca  with  tha  opan  and 
of  tha  cosa  focing  upward.  Tha  coit- 
cava  staal  borriar  is  cantarod  in  tha 
charga  and  tha  ramoining  p/'rtion  of 
tha  high  axplosiva  is  prassad  into  ploca 
ond  coppad  by  o  coppar  linar.  Thus 
it  bacomas  impossibla  to  visually  chock 
whothor  tha  borriar  hos  ramoinod 
cantarod. 

It  is  possibla  to  locoto  plocamant  of 
tha  ancopsulotad  matol  with  on  ovaroll 
occurcKy  of  opproximotaly  0.001  in. 
in  mognitudo  of  accantricty  and  plus  or 
minus  fiftaon  dagroas  in  position  of 
maximum  accantricity. 


To  reduce  noise  pickup  or  gen¬ 
eration  in  the  input  stage,  a  low- 
noise  dual  triode,  12AY7,  is  used 
for  the  first  two  stages  with  a 
special  shock  resistant  tube  socket. 
Also  a  tube  shield  with  an  NEL- 
type  insert  reduces  the  tube  operat¬ 
ing  temperature.  The  shield  is 
grounded  to  the  chassis.  The  input 
stage  uses  deposited-carbon  resist¬ 
ors  and  is  well  shielded.  Desired 
frequency  response  is  obtained  by 
a  negative  feedback  system  wherein 
the  voltage  developed  acro.ss  the 
cathode  resistor  of  the  third  ampli¬ 
fier  stage  is  coupled  back  to  the 
cathode  of  the  first  amplifier.  As 
the  feedback  capacitor  is  located 
in  a  low-voltage  low-impedance 
path,  its  voltage  rating  can  be  rela¬ 
tively  low  and  the  stray  capacitance 
is  eliminated. 

Spurious  firing  due  to  bumping 
or  jarring  the  gage  is  eliminated 
by  incorporating  a  6BN6  gated- 
beam  tube  controlled  by  an  integrat¬ 
ing  network  with  a  long  time  con¬ 
stant.  A  portion  of  the  output 
voltage  from  the  linear  amplifier  is 
amplified  in  the  6C4  voltage  ampli¬ 
fier,  rectified  and  turns  on  the 
gated-amplifier  after  a  suitable  sig¬ 
nal  persi.sts  for  several  seconds. 

The  feedback  amplifier  output 
voltage  goes  directly  to  the  vac¬ 
uum-tube  voltmeter  where  the  rms 
voltage  reading  is  used — in  con¬ 
junction  with  a  set  of  graph.s — to 
indicate  magnitude  of  barrier  ec- 


BARRIER  OFFSETS  IN  THCXJSANOTHS  OF 
AN  INCH 

FIG.  3 — Oiioal  of  ancopaulatad  malal 
borriar  U  plottad  ogolntl  ompUflar  out¬ 
put.  Olfsat  raodlngt.  plottad  ea  thraa 
linaa,  anhoaca  laatrumaat  accuracy 


centricity,  see  Fig.  This  same 
output  voltage  is  clippetl  and  fed 
into  the  6BN6  gatetl-amplifier.  Clip¬ 
ping  prevents  overdriving  the 
6BN6,  and  assists  in  the  .squaring 
proce.ss  that  follows.  Output  of  the 
6BN6  is  clipped  by  a  6AL5  and  fed 
into  a  high-mu  tritnle  whose  output 
is  a  .square  wave  of  fast  ri.se  time 
relative  to  the  period  of  the  wave. 
The  rise  time  is  approximately  10 
M  sec. 

The  negative  portion  of  the 
square  wave  is  clipped  off  and  the 
ixjsitive  excursion  limited  to  alauit 
30  V  by  another  6AI..5.  The  result¬ 
ing  waveform  is  then  differentiated 
and  triggers  the  2D21  thyratron. 

The  small  box  mounted  on  top  of 
the  steel  box  to  the  left  of  the  gage 
frame  in  the  photo  contains  a 
.switch  and  a  three-position  atten¬ 
uator.  The  switch  is  normally  con¬ 
nected  to  the  connect(»r  marked 
MONITOR  on  the  main  chassis  and 
turns  off  the  flashtube  i>ortion  of 
the  circuit  by  grounding  the  grid 
of  the  high-mu  triode  amplifier. 
This  increa.ses  fiashtube  life  by 
minimizing  unnece.ssary  firing.  The 
three-position  attenuator  reduces 


the  wide  range  of  coil  voltages  (5 
to  700  millivolts)  to  the  range  that 
falls  within  the  input  capabilities  of 
the  linear  amplifier.  Thus  accuracy 
of  the  instrument  is  enhanced  by 
spreading  the  total  range  of  barrier 
offset  readings  (0.001  to  0.125  in.) 
over  three  graphs  instead  of  one,  as 
shown  in  Fig.  3. 

Bias  control  in  the  cathode  cir¬ 
cuit  of  the  6BN6,  marked  sym¬ 
metry,  adusts  the  .symmetry  of  the 
two  halves  of  the  square  wave  out¬ 
put  from  the  6BN6.  Proper  .setting 
of  the  SYMMETRY  Control  deter¬ 
mines  the  accuracy  of  the  indication 
of  position  of  maximum  eccen¬ 
tricity.  To  set  this  control,  a  signal 
of  approximately  40  to  50  millivolts 
rms  is  fed  into  the  feedback  ampli¬ 
fier  input  from  a  signal  generator. 
A  cro  connected  to  monitor  dis¬ 
plays  the  square-wave  output.  Also, 
the  .symmetry  control  is  set  to  the 
position  that  makes  each  half  of  the 
square  wave  cover  an  equal  time 
interval. 

The  shaped  charge  and  gage  were 
developed  in  a  research  effort  con¬ 
ducted  for  Jet  Research  Center, 
Inc.,  Arlington,  Texas, 


ELECTRONICS  engineering  edition  —  August  15,  1958 


67 


Line  Current  Controls 


Low-power  oscillator  provides  both  unmodulated  and  bO-cps  modulated 
signals  for  carrier-current  transmission  to  control  receiver  in  tv  set.  Unmodu¬ 
lated  carrier  of  required  duration  controls  channel  selection  while  modu¬ 
lated  carrier  controls  sound  level.  System  operates  on  one  of  four  noiiad- 
jacent  frequencies  to  avoid  interaction  between  nearby  systems 


By  J.  R.  BANKER  and  C.  H.  WOOD,  Jr.* 

Television-Radio  Division,  Westlnghouse  Electric  Corp.,  Metuchen,  N.  J. 


USE  OF  CARRIER  CURRENT  enables 
remote  control  of  channel  se¬ 
lection  and  sound  level  in  tv  re¬ 
ceivers.  The  control  system  to  be 
described  comprises  a  small  hand¬ 
held  low-powered  transmitter  and  a 
companion  receiving  unit  mounted 
adjacent  to  the  tuner  in  the  set. 

Transmitter 

The  complete  remote-control 
transmitter  is  shown  in  Fig.  1.  A 
straightforward  Hartley  oscillator 
circuit  is  used. 

An  unmodulated  carrier  of  the 
required  duration  is  used  for  chan¬ 
nel  selection  while  60-cps  modula¬ 
tion  of  that  carrier  is  used  for 
sound  control.  Modulation  is  readily 
accomplished  by  switching  the 
oscillator  plate  circuit  from  the  dc 
side  of  the  rectifier  to  the  a-c.  The 
self-indicating  control  switch  pro¬ 
vides  nonambiguous  operation ; 
movement  of  the  switch  from  center 
is  momentary  in  the  direction  for 
channel  selection,  while  a  latching 
position  for  the  sound  function  is 
provided  when  moving  the  lever  in 
the  other  direction. 

Interference  between  neighbor¬ 
ing  transmitters  and  receivers  is 
eliminated  through  the  use  of  four 
individual  frequencies — 52.5,  57.5, 
67.5  and  73.5  kc.  Either  of  two  non- 
adjacent  carrier  frequencies  may  be 
selected  by  an  easily  accessible 
switch.  The  remaining  two  fre¬ 
quencies  require  repositioning  of 
the  coil  core. 

By  making  the  switchable  carrier 
frequencies  nonadjacent,  there  is 


no  possibility  of  interaction  be¬ 
tween  two  units.  Coupling  to  the 
power  line  is  by  a  nonresonant  low- 
impedance  secondary,  with  C,  act¬ 
ing  as  a  blocking  capacitor.  Auto- 
transformer  T,  supplies  filament 
power  and  the  selenium  rectifier  in 
a  half-wave  circuit  supplies  d-c, 
filtered  by  C,  for  the  unmodulated 
signal. 

Requirements  of  the  FCC  regard¬ 
ing  radiation  above  450  kc  have 
been  fulfilled  by  controlling  the  har¬ 
monic  output  of  the  transmitter  by 
four  methods.  Power  output  has 
been  limited  to  12  mw  in  the  un¬ 
modulated  case,  a  low-pass  filter 
comprising  R,  and  C,  is  used.  Re¬ 
sistor  R,  also  limit.s  the  power  out¬ 
put  and  by  carefully  choosing  the 
feedback  ratio  by  the  position  of 
the  tap  on  the  coil  power  is  also 
limited. 

Receiver 

The  receiver  shown  in  Fig.  2  can 
be  considered  as  two  separate  re¬ 
ceivers,  one  capable  of  detecting  an 
unmodulated  carrier  while  remain¬ 
ing  insensitive  to  a  modulated  one, 
the  other  detecting  both  modu- 


FIG.  1 — Complete  remote-control  carrier- 
current  tranemitter 


lated  and  unmodulated  carriers. 

The  section  sensitive  only  to  an 
unmodulated  carrier  energizes  a  re¬ 
lay  for  channel  selection,  while  the 
section  sensitive  to  both  signals 
energizes  the  sound  muting  relay. 
By  making  the  sound  muting  sec¬ 
tion  sensitive  to  both  signal.s,  the 
audio  level  is  automatically  lowered 
simultaneously  with  channel  selec¬ 
tion,  thus  avoiding  bursts  of  sound. 

Several  characteristics  of  the  re¬ 
ceiver  are  functions  of  its  source 
impedance.  Though  the  impedance 
of  the  power  line  at  a  given  fre¬ 
quency  may  be  represented  by  a 
single  resistance  and  reactance,  this 
value  is  difficult  to  determine.  F^ur- 
thermore,  the  value  continually 
changes  as  equipment  and  appli¬ 
ances  are  switched  on  or  off. 

For  a  given  line  under  average 
conditions,  it  is  convenient  to  speak 
of  the  equivalent  line  impedance, 
that  single  resistance  value  which 
when  shunted  acro.ss  the  output  of 
the  transmitter  reduces  the  output 
voltage  to  the  same  value  as  does 
the  a-c  line.  Values  from  10  to  50 
ohms  have  been  measured,  although 
it  is  possible  that  it  may  be  as  high 
as  200  ohms.  Since  this  variation 
causes  a  corresponding  change  of 
the  Q  of  the  receiver  tuned  circuit 
which  in  turn  results  in  wide  varia¬ 
tions  in  receiver  selectivity,  it  is 
essential  that  the  receiver  always 
see  the  lowest  .source  impedance. 
The  tv  receiver  with  which  this 
system  is  used  employs  a  0.15-pf 

♦  Now  with  EleotronIcH  Dlv.,  Baltimore, 
Md. 
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Remote  Tv  Receiver 


FIG.  2 — On*  pari  oi  r*c*iT«r  detects  only  unmodulated  carrlet  while  other  part  de-  FIG.  3 — Receiver  selectivity  os  a  iunc- 

tects  both  modulated  and  unmodulated  signals  tion  oi  line  impedance 


line  bypass  capacitor  to  reduce 
sweep  harmonic  radiation.  This 
holds  the  line  impedance  at  the  a-c 
terminals  of  the  receiver  fairly  con¬ 
stant  at  10  ohms  reRardle.ss  of  ac¬ 
tual  impedance  variations. 

Circuit  Features 

The  input  of  the  remote-control 
receiver  has  a  single  .series-tuned 
circuit  connected  across  the  a-c  line. 
The  impedance  of  this  circuit  ap¬ 
pears  as  41  ohms.  This  is  a  de- 
lil)erate  mismatch  to  the  10-ohm  line 
to  .secure  the  desired  .selectivity. 
The  effect  of  controlled  line  im¬ 
pedance  on  the  selectivity  of  the  re¬ 
ceiver  is  shown  in  Fig.  3. 

Four  individually-tuned  frequen¬ 
cies  are  selectable  by  .switching 
additional  capacitors  across  that  for 
the  highest  frequency.  To  achieve 
the  desired  accuracy,  two-percent 
mica  tuning  capacitors  are  used. 

A  threshold  control  at  the  input 
of  the  first  r-f  amplifier  allows  the 
receiver  .sensitivity  to  be  adju.sted 
to  meet  individual  requirements. 
Due  to  Miller  effect,  the  input  of 
the  first  stage  is  not  extremely  high 
in  impedance  and  has  considerable 
capacitance.  Resistor  R,  (Fig.  2) 
prevents  a  change  of  Q  and  detun¬ 
ing  of  the  re.sonant  circuit  with 
variation  in  the  threshold  control. 
The  second  function  of  this  resistor 
is  to  clip  noi.se  pulses  appearing 
with  the  signal. 

For  the  channel-switching  func¬ 
tion,  V,  is  a  two-stage  carrier- 
frequency  amplifier,  the  second 
stage  also  acting  as  a  limiter.  The 


unmodulated  carrier  in  passing 
through  peak  rectifier  V,,  produces 
a  positive  d-c  voltage.  Channel- 
relay  stage  Vt,  is  bia.sed  near  cutoff. 
The  output  of  is  directly  cou¬ 
pled  to  the  grid  of  V,,,  increasing 
the  plate  current  to  operate  the  re¬ 
lay.  The  modulated  carrier  u.sed  for 
sound  control  is  similarly  rectified 
by  V'u  and  increa.ses  the  plate  cur¬ 
rent  of  V„. 

Because  the  modulated  carrier 
has  a  duty  cycle  of  only  .35  percent 
and  the  maximum  signal  from  the 
plate  of  V„  is  limited,  it  is  never 
sufficient  to  operate  the  channel  re¬ 
lay.  Thus  there  is  no  undesirable 
cross-function  operation.  Capacitor 
Ci  across  the  channel  relay  coil  re¬ 
moves  the  60-cps  component  which 
would  otherwise  appear  and  cause 
buzzing  of  the  relay  for  sound  mut¬ 
ing  operation. 

Muting 

For  muting  control,  F,,  acts  as  a 
grid-leak  detector  rectifying  the 
modulated  carrier  and  providing 
amplification  at  60  cps.  This  signal 
is  direct-coupled  through  a  low- 
pass  filter  to  the  grid  of  V’«  which 
provides  additional  60-cps  amplifi¬ 
cation  to  effect  the  large  grid  swing 
required  by  sound-relay  stage 
This  stage  is  bia.sed  near  cutoff,  as 
is  channel-relay  stage  V,*.  Its  plate 
current  increases  on  the  average  by 
the  large  60-cps  signal  on  its  grid. 
Resistor  ff,  reduces  the  tendency  to 
clamp  and  thus  bias  the  grid  nega¬ 
tively.  Capacitor  C,  across  the  relay 
removes  the  60-cps  component. 


With  no  input  signal  the  back 
contact  of  the  channel  relay  is 
closed,  grounding  the  grid  return 
R,  of  sound-relay  stage  V„.  When¬ 
ever  the  channel  relay  operates,  a 
positive  d-c  voltage  is  applied  to  the 
grid  of  V',,  to  close  the  sound  relay. 

Noise  Considerations 

It  is  imperative  that  the  receiver 
be  insensitive  to  noise,  since  both 
regular  and  random  noises  exist  on 
the  line  at  all  times.  Regular  noise, 
resulting  principally  from  fluores¬ 
cent  lighting,  may  measure  10  milli¬ 
volts  p-p.  Random  noi.se  may  be  of 
the  order  of  500  millivolts  p-p. 
Since  the  receiver  sensitivity  is  ap¬ 
proximately  30  millivolts,  some 
means  of  di.scriminating  against 
noise  is  necessary  to  prevent  the 
relays  from  responding  and  causing 
dropouts  in  the  sound  or  undesired 
switching  of  channels. 

Excellent  noise  immunity  results 
from  clipping  noise  pulses  at  the  in¬ 
put  of  the  first  stage  and  using 
short  time  constants  between  sub¬ 
sequent  stages.  The  limiting  action 
of  the  second  stage  also  contributes 
to  noise  immunity.  The  resulting 
signal-to-noise  ratio  is  approxi¬ 
mately  30  db. 

The  use  of  carrier  current  has 
solved  several  problems.  The  avail¬ 
ability  of  a-c  voltage  makes  it  pos¬ 
sible  to  incorporate  a  power  supply 
in  the  transmitter.  The  receiver 
unit  is  also  self-powered.  The  tuner 
in  the  tv  receiver  is  programmed 
mechanically  to  stop  only  at  the 
channels  actually  transmitting. 
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Electronic  Control  Times 


Increased  reliability  and  reduction  of  down  time  in  production  result  when 
thyratrons  are  used  in  [)lace  of  relays  for  controlling  high-speed  resistance 
welding.  Typical  electronic  control  described  in  this  article  provides  fail-safe 
operation,  reduces  transients  by  correct  adjustment  of  the  ignitron  firing 
angle,  and  affords  accurate  repetition  and  calibration  of  the  timing  cycle 


SXUARX  C.  ROCKAFELLOVt ,  Robntron  corporation,  Detroit.  MlohlKan 


High-speed  resistance  welding 
requires  four  exact  timing 
functions.  The  period  necessary 
to  bring  the  electrodes  together  and 
build  up  pressure  is  called  squeeze 
time.  This  begins  when  a  solenoid 
is  energized  to  allow  air  to  enter 
a  cylinder  and  force  the  electrodes 
together.  When  sufficient  pressure 
is  built  up,  weld  time  begins,  and 
current  flow's  through  the  weld 


transformer.  In  cases  of  warping 
metal  or  poor  jigging,  hold  time  is 
used  to  keep  the  electrodes  together 
while  the  molten  metal  is  congeal¬ 
ing.  The  electrodes  then  open,  and 
in  fast-repeat  operation,  the  period 
required  to  move  them  to  a  new’ 
location  is  called  off  time. 

If  a  relay  is  used  for  controlling 
the  weld  current  flow,  there  will  be 
an  inrush  of  about  30  amp  and  the 


relay  will  tend  to  bounce  several 
times  before  establishing  a  firm 
contact,  each  bounce  causing  severe 
transient  strain  acro.ss  the  solenoid 
valve  coil.  The  combination  of  open¬ 
ing  and  closing  the  valve  in  high¬ 
speed  operations  may  account  for 
.several  million  transients  each  day. 

The  present  trend  is  to  use  elec¬ 
tron  tubes  for  control  functions  in 
resi.stance  welders.  Maintenance  on 


FIG.  1 — Schematic  of  a  typical  control  for  a  high-spoed  rotislance  w  aiding  gun.  Fuse*  ond  overload  protection  circuits  are  not  shown. 
This  circuit  aiiords  either  single-shot  operation  or  continuous  recycling  of  the  liming  functions 
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High-Speed  Welding  Cycle 


Protracl*<l  delay*  caused  by  maintenance  problem*  in  any  oi  the  high-speed  resistance  welding  stations  In  a  production  line,  such 
as  In  this  automoliee  plant,  can  be  costly.  All-electronic  controls  haee  reduced  down  time  by  os  much  as  90  percent  because  oi  their 
innate  reliability.  In  this  installation,  all  the  control  units  are  mounted  on  a  catwalk  oeerhead  ior  ease  oi  maintenonce 

controKs  ha.s  thereby  iieen  reduced  on  a  hijfh-.speed  production  line  and  Fijf,  1.  Relays  may  be  used  as 

as  much  as  90  percent.  This  is  cause  downtime.  safety  cutoff  devices,  but  all  opera- 

significant  on  hifrh-speed  produc-  tions  are  dependent  on  electronic 

tion  lines,  as  down  time  is  one  of  Weld  Current  timinjr. 

the  hiirhest  operational  costs.  To  keep  transients  to  a  minimum.  The  solenoid  valve  is  actuated  by 

the  weld  current  should  be  initiated  a  pair  of  3-amp  thyratrons  V',  and 

Requirements  about  90  dejr  on  the  voltage  wave  V,  which  will  handle  40-amp  inrush 

The  requirements  of  a  hifrh-.speed  for  the  first  half-cycle  only,  and  cur-  current.  The  tubes  in  this  portion 

resistance  welding  control  are:  rent  flow  should  be  terminated  at  of  the  circuit  eliminate  the  electri- 

fail-.safe  operation  of  the  timinjr  the  completion  of  a  half-cycle  op-  cal  strain  imposed  on  the  valve  coil 

circuit,  fully  electronic  operation  of  posite  in  polarity  to  the  starting  when  relays  are  used.  The  same 

both  solenoid  valve  and  weld-cur-  wave.  When  electron  tubes  are  used  type  3-amp  thyratrons  V,  and  V', 

rent  control,  transient  reduction  by  to  accomplish  this  critical  timinfr,  are  u.sed  to  control  the  weld  current 

flfl-dep:  firinpr  of  the  first  half-cycle  the  firinpr  anj?le  and  termination  through  the  iprnitrons  and  jrive  ac- 

of  weldinsr  current,  highly  accurate  point  will  remain  consistent  after  curate  control  for  the  90-defr  fir- 

repetition  and  calibration,  and  millions  of  operations.  Further-  ing.  Five  smaller  type-2050  tubes 

hijrh-speed  operation  of  over  600  more,  the  fuses  or  other  overload  are  used  for  the  electronic  sequenc- 

spots/min.  protection  devices  may  be  selected  ing  and  timing  control. 

Fail-safe  operation  is  accom-  without  having  to  compensate  for  All  a.s.semblies  are  held  in  place 
plished  by  using  positive  voltage  on  high  transients.  with  quick-change  fasteners  and 

the  grid  of  the  timing  thyratron.  An  example  of  a  typical  fully-  are  electrically  interconnected  by 
Without  this  feature,  the  control  electronic  control  of  high-speed  re-  plug-in  connectors.  Ignitrons  are 

might  freeze  the  gun  to  the  work  sistance  welding  guns  is  shown  in  available  using  manual  pressure 

ELECTRONICS  engineering  edition  —  August  15,  1958  71 


FIG.  2 — WaTeiorma  depict  how  lull- 
ware  control  oi  colenoid  toIto  ia  main¬ 
tained  by  ainqie  poaitire  pulae  irom  Vi. 
Shoded  orea  indicatea  ignition  period 

connections  instead  of  bolts,  and 
the  water  connections  are  changed 
,  with  pressure-lock  connectors. 

Operation 

With  the  timer  at  rest,  but  with 
power  applied,  capacitor  C,  is 
charged  by  conduction  of  V„  C,  is 
charged  through  rectifier  D„  C,  is 
charged  through  D„  C4  is  charged 
through  D„  and  Ca  is  charged 
through  D,. 

Valve-firing  tubes  V,  and  V,  are 
each  held  nonconducting  w’ith  about 
60-v  bias  on  their  grids,  while  the 
weld-control  tubes  V,  and  V,  are 
held  blocked  in  the  same  manner. 
One  pulse  can  be  used  to  fire  both 
V,  and  V,  by  using  the  inductive 
kick  from  T,.  Thus  the  positive 
pulses  from  V,  will  control  both  the 
positive  and  negative  half-cycles  to 
give  full-wave  control  of  the  valve. 
This  is  shown  graphically  in  Fig. 
2.  The  same  type  of  control  is  used 
to  energize  the  weld  transformer 
for  full  waves  of  current.  When 
phase  shift  is  necessary,  a  trailing 
tube  is  added  and  a  phase-shift  cir¬ 
cuit  controls  T,. 

There  is  a  negative  bias  of  about 
30  V  on  the  grid  of  V,  developed 
through  R,.  At  rest,  the  top  of  ca- 
pjicitor  Cj  is  about  100-v  positive. 
This  voltage  is  applied  to  the  grid 
through  Rj.  When  initiating  switch 
S,  is  closed,  V,  conducts,  energizing 
the  solenoid  valve  by  causing  con¬ 
duction  in  V,  and  V,.  With  T,  ener¬ 
gized,  the  voltage  drop  across  its  pri¬ 
mary  is  rectified  by  to  charge  C,. 


Interior  view  of  retUtance  welding  con¬ 
trol  unit.  The  relay*  at  top  are  eaiety 
cutout  devices:  all  other  iunctions  are 
electronically  controlled 

The  charge  on  C,  puts  a  negative 
voltage  on  the  grid  of  V,  sufficient 
to  block  this  tube.  Capacitor  C, 
then  discharges  through  R,  for  the 
squeeze  time.  When  the  voltage 
across  C,  drops  to  about  1  v,  tube 
Vj  fires  and  energizes  T„  This  also 
effectively  shorts  the  positive  pulses 
across  the  line,  and  rectifiers  /),  and 
D,  stop  charging  their  capacitors. 
The  plate  supply  for  V,  is  derived 
from  the  secondary  of  T,.  This  tube 
now  conducts  because  the  high  posi¬ 
tive  voltage  from  C,  overcomes  the 
negative  bias  from  C5.  With  T. 
energized,  pulses  are  fed  back 
through  Da  to  keep  C,  charged.  Posi¬ 
tive  pulses  are  also  fed  to  the  grid 
of  F,  to  overcome  the  negative  bias, 
and  the  resulting  conduction  ener¬ 
gizes  the  weld  tubes. 

Weld  time  starts  when  Vj  con¬ 
ducts,  halting  the  charging  of  C, 
through  rectifier  D,.  When  C,  dis¬ 
charges  through  R,  to  a  potential 
of  about  29  v,  the  negative  bias 
from  Cj  blocks  V„  thus  ending  the 
weld  time  by  removing  the  positive 
pulses  from  the  grid  of  V,.  With 
its  charging  source  removed,  C, 
drains  through  R,.  for  the  hold  time. 
When  the  positive  charge  of  C, 
drops  to  about  29  v,  the  negative 
voltage  on  C.  blocks  V,  to  end  the 
hold  time. 

With  S2  in  the  repeat  position, 
blocking  of  V,  deenergizes  T,  and 
removes  the  source  of  charging 
current  for  Co.  This  capacitor  dis¬ 
charges  through  R,  for  the  off  time. 
With  the  bias  drained  down,  V,  con¬ 


ducts  and  charges  C,.  The  negative 
voltage  at  the  top  of  C,  blocks  V, 
and  this  immediately  allows  posi¬ 
tive-pulse  conduction  through  D,  to 
recharge  weld  capacitor  C„  and 
HOLD  capacitor  C,  through  D,.  With 
the  initiating  switch  held  closed, 
charging  of  C,  puts  a  positive  volt¬ 
age  on  the  grid  of  V,,  causing  it  to 
fire  and  start  another  sequence. 

For  single-shot  operation  S,  is 
placed  in  the  single  position.  Clos¬ 
ing  S,  charges  C,  through  I),  stop¬ 
ping  the  operation  at  the  end  of 
hold  time  as  long  as  S,  is  closed. 

Capacitor  C,  accomplishes  the  90- 
deg  firing.  At  the  .start  of  the  first 
weld  pulse  C,  is  completely  dis¬ 
charged  and  takes  90  deg  of  the 
sine-wave  pulse  to  charge  fully.  For 
this  period  no  energy  is  fed  to  the 
grid  of  V,.  After  the  capacitor  is 
charged,  however,  the  remainder  of 
the  half-wave  pul.se  gets  through  to 
V„  overcoming  the  bias  and  causing 
the  tube  to  fire  at  the  90-deg  angle 

Now  Cl  is  charged  fully  on  the 
first  pulse  and  offers  no  shorting  ef¬ 
fect  for  the  duration  of  the  weld 
time.  At  the  end  of  weld  time  C, 
is  di.scharged  through  /?,  to  be  ef¬ 
fective  for  the  first  pulse  of  the  next 
weld-time  period. 

Construction 

To  conserve  space,  grain-oriented 
core  transformers  are  u.sed.  The.se 
small  transformers  perform  as  well 
as  the  stacked-iron  type,  but  they 
must  be  energized  and  deenergized 
at  the  correct  points  on  the  voltage 
wave  to  prevent  saturation. 

By  using  special  plug-in  pha.se 
shift  units  incorporating  a  trailing 
tube,  either  heat  control,  slope  con¬ 
trol,  or  current  regulation  can  be 
used  with  the  timer  to  accurately 
control  current  at  the  weld  zone. 

Calibration  accuracy  is  es.sential 
for  high-speed  controls  because  of 
the  possible  necessity  of  fast  inter¬ 
change  of  panels  during  production. 
If  the  calibration  accuracy  of  all 
controls  is  the  same,  replacement 
panels  will  give  consi.stent  opera¬ 
tion  without  further  adjustment. 
Because  weld  time  is  the  most  im¬ 
portant  function  controlled  by  the 
unit,  tap  switches  are  generally 
used  instead  of  potentiometers. 

Both  the  valve  solenoid  and  weld 
transformer  must  be  in  pha.se  with 
the  timer  supply  to  be  effective. 
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Tranalalorlivd  ralay  Mrro  has  transistor  ompUiisr  (Uit).  stsp-f unction  potsntiomstsr 
(rlqht  rsar).  rsTsrsibU  motor  (right)  and  diiisrsntlal  rslay  (front) 


Transistors  Reduce 
Relay  Servo  Size 

Relay  servo  system  simulates  oii-ofT  eontntl  deviee  hy  iisinj;  step-fiim'tioii 
potentiometer  to  pnivitle  oii-olT  eliaraeteristie  of  the  mill  deteetor.  Easily 
atljiisted  damping  is  applit'd  through  differential  relay  eontaets  to  eliminate 
oseillations;  fast  response  to  small  angle  displaeements  assures  elose  follow  ing 


lly  S\I  I.  SIIKNKKM),  e  s  I'lutrrwatpr  Sound  I.ahoratory,  Fort  Triimliull.  Now  London.  Connecticut 


Dksikk  for  compact  and  efficient 
servo  devices  has  Rrown  with 
the  postwar  expansion  of  servo  ap¬ 
plications.  (Jrijrinally  jjreat  efforts 
were  expended  on  the  design  of 
linear  components,  hut  currentl.v 
servo  sy.stems  iisinff  le.ss  expensive 
nonlinear  components  are  in  de¬ 
mand. 

This  article  de.scribes  a  transis¬ 
torized  relay  servo  system  which 
illustrates  the  simplicity  possible 
in  design  of  the  nonlinear  type. 

Positional  Units 

Nonlinearities  existing  in  the 
.servo  system  shown  in  Fijr.  lA  are 


approximatecl  by  linear  transfer 
characteristics.  When  the  .servo  de¬ 
vice  is  used  as  a  positional  system. 


(B) 


FIG.  1 — Linear  (A)  and  relay  (B)  serTo 
eyiteme  can  both  be  used  as  positional 
units  In  antenna  systems  and  the  like 


the  block  KG  (Jot)  represents  an 
electronic  amplifier,  a  motor  and  a 
jfear  train.  Except  for  errors  re¬ 
sulting;  from  nonlinearities  such  as 
static  friction  and  backlash,  the 
positional  error  is  zero.  A  high- 
gain  amplifier  provides  desirable 
performance,  and  compensating  net¬ 
works  prevent  oscillation. 

The  relay-type  system  shown  in 
Fig.  IB  has  a  full  on  or  off  voltage 
applied  to  the  servo  motor.  In  this 
.system,  a  high  degree  of  nonlin¬ 
earity  exists  between  the  input 
error  and  the  drive  force  applied  to 
the  .servo  motor. 

Relay-type  servo  systems  have 
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FIG.  2 — Tappinq  positive  voltage  oil  step-iunction  potentiometer  causes  current  How 
in  Qi  transistor,  operation  oi  relay  Xi;i  and  upward  movement  of  orms.  Negative  voltage 
moves  arms  downward  reversing  direction  oi  motor  travel 


the  error  signal  available  in  both 
magnitude  and  sign,  or  in  sign  only. 
Block  N  of  Fig.  IB,  the  nonlin¬ 
earity  in  the  sy.stem,  may  be  in  one 
or  more  places  including  the  error- 
detector  system. 

Stabilization 

Oscillation  cycles  whose  ampli¬ 
tude  and  frequency  depend  on  the 
parameters  of  the  system  exist  in 
the  relay  servo.  Damping  devices 
that  increase  the  natural  frequency 
of  oscillation  to  the  point  where  the 
amplitude  of  the  cycle  is  negligibly 


,100 


z  50 


=13r«- 

ANGLE  IN  DEGREES 


357 


FIG.  3 — Characteristic  of  step-function  po¬ 
tentiometer  has  3-deg  segment  during 
which  there  is  linear  variation  from  sero 
to  full  output  current 


small  stabilize  the  relay  servos.* 
These  devices  anticipate  the  point 
of  correspondence  between  the  in¬ 
put  and  the  output  shaft  and  apply 
a  breaking  torque  to  the  motor  prior 
to  this  point.  By  introducing  a 
small  dead  zone  into  the  system, 
continuous  hunting  is  eliminated. 

Reduction  in  size  and  weight  of 
relay  servo  systems  is  achieved 
with  efficient  and  compact  relays 
which  control  power  output  in  watts 
with  microwatts  of  input.  Use  of 
nonlinear  servo  systems  is  manda¬ 
tory  where  the  available  null  de¬ 
tector  is  nonlinear  outside  of  a  nar¬ 
row  region  at  the  null  position. 
Since  the  system  is  insensitive  to 
variations  in  gain,  the  gain  param¬ 
eter  may  vary  over  wide  limits 
without  affecting  response  char¬ 
acteristics. 

Description  of  Equipment 

The  transistorized  relay  servo 
system  shown  in  Fig.  2  has  a  step- 
function  potentiometer  with  the 
characteristics  shown  in  Fig.  3. 


The  potentiometer  simulates  the 
on-off  characteristic  of  the  null  de¬ 
tector,  The  dead  center  or  null  po¬ 
sition  of  the  .servo  system  corres¬ 
ponds  to  the  center  of  the  linear 
range  of  the  potentiometer. 

The  potentiometer  has  360  deg 
of  mechanical  rotation  and  357  deg 
of  electrical  contact.  During  a  3- 
deg  segment  of  the  potentiometer 
rotation,  a  linear  variation  from 
zero  to  full  output  is  obtained.  The 
R-C  time  lag  from  the  potentiometer 
to  the  ba.se  of  the  transistors  simu¬ 
lates  the  time  constant  of  the  actual 
mechanical  and  motor  system.  Time 
constant  variation  prtxluces  un¬ 
damped  oscillations  at  the  fre¬ 
quency  of  the  actual  system. 

To  equalize  the  sensitivity  of  the 
npn  and  pnp  transistors,  the  series 
base  resistors  of  the  npn  transistor 
are  halved  and  the  value  of  the 
capacitor  associated  with  the 
smaller  resistor  doubled  to  compen¬ 
sate  for  the  unequal  time  constant. 

Compatible  Performance 

Transistors  and  relays  are  ex¬ 
tremely  compatible  for  on-off  servo 
applications.  Current  drain  for  op¬ 
eration  of  the  system  shown  in  Fig. 
2  is  about  14  ma  at  25  v.  Since  10 
ma  is  required  as  bleeder  current 
for  a  center-tapped  supply,  actually 
only  4  ma  at  25  v  is  required  by  the 
relay  servo  system. 

The  transistors  are  connected 
across  a  split  25-v  power  supply. 
Connection  of  the  arm  of  the  po¬ 
tentiometer  to  the  positive  side  of 
the  supply  causes  4  ma,  sufficient  to 
operate  the  relay,  to  flow  in  transi.s- 
tor  Q,.  Except  for  reverse  collector 
current,  there  is  no  current  in  Q/. 

With  the  potentiometer  arm  con¬ 
nected  to  the  negative  supply,  4  ma 
flows  through  the  other  coil  of  the 


NULL  POSITION  POTENTIOMETER  NOISE 


(A) 


FIG.  4 — Slidar  voltag*  oi  ttop-iunctton  potentiomotor  hai  undompod  otciUat'ons  (A)  and  rotoonte  to  thro*  stop  ditplacomonti  oi  output 
:shait  (B).  Damping  voltage  (C)  applied  to  baee  oi  oii  troneistor  hat  exponential  rjiaracter 
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difTerential  relay  and  actuates  the 
relay  in  the  opposite  direction. 
Since  relay-system  contacts  are 
connected  to  the  control  winding 
of  a  reversible,  shaded-pole  motor, 
closing  either  set  of  contacts  drives 
the  motor  toward  the  central  po¬ 
sition  of  the  potentiometer.  When 
there  is  no  current  in  either  coil, 
the  relay  is  in  its  neutral  position 
and  the  motor  is  not  excited. 

Damping 

For  a  step  displacement  of  the 
motor  shaft,  the  slider  voltaKe  of 
the  step-function  potentiometer  is 
shown  in  Fi^.  4A  where  damping 
is  not  used.  The  voltage  waveform 
illu.strates  the  o.scillatory  nature  of 
the  output  shaft  position.  The  am¬ 
plitude  of  the  displacement  corre¬ 
sponds  to  several  deg  on  each  side 
of  the  null  position. 

When  base  current  is  supplied 
to  the  off  transistor  as  the  relay 
clo.Hes,  2  ma  of  collector  current, 
sufficient  to  return  the  relay  to  its 
neutral  jwsition.  is  produced  in  that 
transistor.  By  adjusting  the  value 
of  the  capacitance  in  the  base  cir¬ 
cuit  the  amount  of  damping  is 
changed  for  the  desired  respon.se. 
The  slider  voltage  obtained  for 
three  step  displacements  of  the  out¬ 
put  shaft  is  shown  in  Fig.  4B.  Po¬ 
tentiometer  noise  produces  the  vari¬ 
ation  of  the  correction  voltage  ap¬ 
pearing  at  the  top  of  the  waveform. 

The  damping  voltage  shown  in 
Fig.  4C  and  applied  to  the  ba.se  of 
the  off  transistor  decelerates  the 
motor  by  tripping  the  relay  off. 
This  feedback  voltage  decays  ex¬ 
ponentially.  Feedback  prevents  the 
motor  from  running  at  top  speed 
and  overshooting  after  it  reaches 
the  null  position. 

Position  and  Velocity 

A  sketch  of  the  position  and 
velocity  of  the  output  shaft  super¬ 
imposed  on  the  pha.se-plane  plot  is 
shown  for  the  damped  and  un¬ 
damped  ca.ses  in  Fig.  5.  The  curve 
for  the  undamped  case  corresponds 
to  one  set  of  initial  conditions.  A 
family  of  such  curves  is  obtained 
for  various  initial  shaft  displace¬ 
ments  or  initial  shaft  velocities.  In 
the  undamped  case  the  phase-plane 
plot  consists  of  parabolic  segments 


when  the  motor's  self-damping  is 
small.'  When  damping  forces  on  the 
motor  are  neglected,  the  equation 
of  motor  torque  and  acceleration  is 

T  ~  I  (1) 

where  T  is  motor  torque  for  full 
excitation,  I  is  rotational  inertia 
and  d’0„/dt’  is  acceleration.  Then 

«„(<)  -  (7’,  7)  /  +  (\  (2) 

where  is  output  shaft  angular 
velocity  and  constant  C,  is  shaft 
angular  velocity  at  f  =  0.  Further¬ 
more, 

9.(0  "  (T,  2I)P  +  C\t  +  Ci  (3 

where  constant  C,  is  the  angular 
shaft  position  at  f  =  0. 


FIG.  $— Poalllon  and  vnloctty  oi  output 
■halt  to  luporimposod  on  phaso-plono 
•kotch  lor  danipod  and  undampod  casM 


RELAY  TIME 
"CONSTANT 


BASE  FEEDBACK 
TIME  CONSTANT 


FIG.  6 — Graph  thowi  motor  oxcitation 
tlma  as  function  oi  rolay  timo  constant, 
and  braking  tims  as  a  function  of  food- 
back  timo  constant 


Equations  2  and  3  are  the  par¬ 
ametric  equations  of  the  shaft 
motion  in  terms  of  time.  When 
plotted  on  the  pha.se  plane  for  initial 
shaft  displacements  or  velocities, 
the  parabolic  curves  of  Fig.  5  are 
obtained.  With  on-off  control  the 
point  of  motor  reversal  is 

+  (27’ /)  9.  -  0  (4) 

or 

«.*  +  (27’  /)  9.  -  0.  (.)) 

The  quadrant  of  operation  deter¬ 


mines  the  appropriate  equation  to 
be  used. 

Equations  4  and  5  indicate  the 
points  on  the  reference  plane  for 
reversing  the  motor  torque  and 
bringing  the  output  shaft  to  the 
null  position  in  minimum  time. 
This  defines  an  optimum  system  in 
terms  of  minimum  re.spon.se  time 
and  zero  overshoot.  Equation  1  is 
only  applicable  for  time  intervals 
which  are  short  with  re.spect  to  the 
time  constant  of  the  servo  drive 
motor. 

System  Advantages 

Base-current  damping  does  not 
give  optimum  system  speed  re- 
spon.se  but  has  the  valuable  fea¬ 
tures  of  simplicity  and  ease  of 
adjustment.  The  degree  of  damp¬ 
ing  is  adjusted  by  varying  the 
time  constant  of  the  ba.se  feedback 
voltage.  Essentially,  impulse  excita¬ 
tion  of  the  motor  control  winding 
restores  the  shaft  to  the  null  po¬ 
sition  with  the  spacing  of  the  im¬ 
pulses  determined  by  the  feedback 
time  constant.  Figure  6  shows  the 
excitation  time  as  controlled  by  the 
relay  time  constant,  and  the  brak¬ 
ing  time  by  the  feedback  time 
constant. 

With  this  system,  the  .shaft  is 
returned  to  the  null  position  with  a 
low  energy  storage  assuring  small 
amplitude  of  the  stable  oscillation. 
By  introducing  a  dead  zone  and 
a  center-position  relay  into  the  sys¬ 
tem,  the  oscillation  is  reduced  to 
zero.  Where  a  velocity  input  must 
be  followed,  base-current  damping 
is  desired,  since  the  speed  of  re¬ 
sponse  is  fast  for  small  di.splace- 
ment  angles. 

The  system  also  has  high  damp¬ 
ing.  For  small  angles,  operation 
approaches  that  indicated  by  Eq.  4 
and  5.  The  maximum  average  veloc¬ 
ity  followed  by  the  system  is  re¬ 
duced  by  the  impulse  excitation, 
but  within  the  velocity  follow-up 
limits,  satisfactory  performance  is 
obtained. 
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Logical  Design  of  SAGE 

Speed  and  clarity  of  information  are  prime  requisites  of  any  effective  radar 
system  such  as  SAGE.  The  monitor  described  accomplishes  these  objectives 
and  eliminates  other  unnecessary  data  simultaneously.  Logical  design  of  the 
equipment  and  detailed  circuitry  show  how  its  done 


By  BYRON  L.  BAIR*,  Bendlx  Radio,  Division  of  Bendlx  Aviation  Corporation,  Baltimore,  ^laryland 


VISUAL  DISPLAY  of  selected  long- 
range  radar  inputs  to  the 
SAGE  computer  is  provided  by 
equipment  known  as  the  long-range 
radar  input  monitor  control.  The 
equipment  consists  of  one  large  unit 
containing  digital  and  analog  por¬ 
tions  and  four  display  consoles. 
The  types  of  display  presented  are 
shown  and  described  in  Fig.  1. 

The  monitor  operator  can  select 
any  one  of  15  radar  sites  and  any 
one  of  14  types  of  messages.  The 
messages  identify  the  type  of  tar¬ 
get;  that  is,  ships,  land  masses, 
enemy  aircraft  and  commercial  air¬ 
craft.  Desired  selections  are  passed 
over  to  the  digital  portion  of  the 
equipment  for  comparison  with  in- 


Front  Ti*w  of  the  lonq-raage-rodar  in¬ 
put  monitor 


coming  data.  If  the  incoming  site 
identity  and  message-label  codes 
match  a  desired  selection,  a  di.splay 
of  range  R  and  azimuth  data  6  is 
made. 

Input  to  the  monitor  consists  of 
two  successive  digital  words  fed  in 
parallel  form  and  separated  from 
each  other  in  time  by  10  /isec.  First 
word  contains  a  radar  site  identifi¬ 
cation  and  message-label  code;  the 
second  contains  target  range  and 
azimuth  data.  Other  information  is 
contained  in  the  words  also  but  is 
not  used  by  the  monitor. 

Logic  for  the  word  discriminator 
is  shown  in  Fig.  2.  Simultaneous 
reference  to  the  timing  chart  in 
Fig.  3  is  helpful. 

A  drum  demand  (DD)  pulse  from 
the  drum  control  circuitry  in  the 
SAGE  computer  is  received  6.5  fisec 
before  the  first  word  (point  A,  Fig. 
3).  No  DD  pulse  precedes  the 
second  word,  thereby  allowing 
determination  of  which  word  of  the 
message  has  been  received.  At  the 
same  time  the  DD  pulse  is  received, 
an  OD-3  clock  pulse  arrives.  The 
OD-3  pulse  is  delayed  1.5  /isec 
(point  B,  Fig.  3).  After  the  1.5- 
/isec  delay  of  OD-3,  it  strobes  the 
first  gate  in  the  output  line  of  the 
flip-flop.  The  second  gate  is  not  af¬ 
fected  because  its  suppressor  grid 
is  at  —30  V.  The  resultant  pulse 
sets  a  type-C  flip-flop  and  goes 
through  the  register  reset  unit  to 
reset  all  the  storage  registers. 

After  five  more  /isec,  the  first 
word  arrives  (point  C,  Fig.  3)  and 
is  stored  in  the  registers.  Simul¬ 
taneously,  a  data  available  (DA) 

•  Now  with  Link  Aviation  Inc.,  BlnKham- 
ton,  X.  Y. 


FIG.  1 — Dlaplay  of  colocted  looq-rang*- 
radar  Inputs  to  SAGE  computer.  Display 
Is  prosontsd  on  a  I6-ln.  crt  mountod  in 
consol*.  Dots  simulate  tarqots  in  dis¬ 
play  us*d  to  chock  monitor  op*ration. 
T*st  display  diiters  from  toctical  display 
in  that  all  nois*  and  olh*r  spurious  r*- 
tums  ar*  flll*r*d  out.  As  in  a  ppi  dis¬ 
play,  north  is  up.  oast  to  th*  right,  stc. 
Data  pansis  show  •quipmont  nam*. 
tim*  of  day,  exposur*  tlm*  of  photo¬ 
graph.  radar  sit*  and  typ*  of  m*ssaq* 


FIG.  2 — Logical  dosign  of  word  dis¬ 
criminator 
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Radar  Input  Monitor 


CLOCK  PULSES  (t»2.5>/SEC) 


FIG.  3 — Tlminq  chart  lor  monitor.  Clock  pulso*  aro  spacod  2.5  umc  apart  and  cycio 
Is  ropoatod  ovory  10  msoc.  Data  aTailablo  (DA)  pulso  arrlTos  with  both  first  and 
socond  words 


Table  I — Register  Complementing  ior  Correct  Quadrant  Representation 
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pulse  arrives  and  .sets  a  type-C  flip- 
flop.  In  the  next  five  psec,  informa¬ 
tion  stored  in  the  site  and  me.s.sasre- 
label  registers  is  compared  with  the 
word  requested  at  the  consoles  to 
decide  whether  or  not  to  display  the 
second  word. 

The  next  time  an  OD-3  pulse  is 
received  and  delayed  (point  I),  FiR. 
.3),  Rates  1  and  2  are  strobed.  Out¬ 
put  from  Rate  1  resets  the  storaRe 
registers  throuRh  the  regi.ster  re.set 
unit.  Output  from  Rate  2  resets  the 
DA  flip-flop  and  .strobes  Rate  4.  The 
output  pulse  from  gate  4  resets  the 
two  flip-flops  and  strobes  the  selec¬ 
tor  output  gate  to  start  the  display 
timer  if  a  .selection  has  been  made. 
There  is  no  output  pul.se  from  gate 
3  since  its  suppres.sor  grid  is  at 
-30  v. 

The  DA  pulse  a.s.sociated  with  the 
second  word  and  the  second  word 
arrive  five  psec  after  the  .second 
OD-3  delayed  pul.se  (point  K,  Fig. 
3).  The  second  word  is  stored  in 
the  registers  while  the  DA  pulse 
sets  a  type-C  flip-flop.  At  this  time, 
the  condition  of  the  flip-flops  storing 
the  two  most  significant  bits  of  the 
azimuth  information  is  sampled  to 
determine  which  quadrant  the  mes- 


.sage  represents.  The  regi.ster  com¬ 
plementer  then  has  outputs  avail¬ 
able  to  complement  the  storage 
registers.  This  action  is  necessary 
to  insure  that  the  output  levels  will 
repre.sent  the  required  quadrant 
correctly. 

The  next  OD-3  delayed  pulse 
(point  F,  Fig.  3)  strobes  gates  1 
and  2.  There  is  no  output  from  gate 
1  since  its  suppre.s.sor  is  at  —30  v. 
I’ul.se  output  from  gate  2  re.sets  the 
DA  flip-flop  and  strobes  gates  3  and 
4.  There  is  no  output  from  gate  4 


2"  SIN  GATES  ORS 
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comple¬ 
ment  IN 
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FIG.  4 — Logical  dotiqn  of  rogUlor  com- 
ploraonfor 


since  its  suppres.sor  is  at  —30  v. 
Output  from  gate  3  strobes  four 
gates  in  the  register  complementer 
allowing  the  neces.sary  complement¬ 
ing  to  be  accomplished. 

The  next  OD-3  pulse  has  no  fur¬ 
ther  effect  since  the  two  gates 
which  it  strobes  have  their  suppres- 
.sors  at  —30  v.  The  operational  se¬ 
quence  is  nut  .started  again  until 
another  DD  pulse  is  received.  If 
the  received  message  is  not  selected 
for  display,  the  next  DD  pulse 
.starts  the  sequence  again. 

If  the  me.s.sage  is  selected  for  dis¬ 
play,  a  display-started  (DS)  pulse 
is  supplied  to  the  common  equip¬ 
ment  where  further  DD  pulses  are 
inhibited  until  the  display  period 
ends. 

At  the  end  of  the  di.splay  pe¬ 
riod,  a  display-ended  (DE)  pulse 
is  generated  which  resets  the  stor¬ 
age  regi.sters.  The  DE  pulse  is  sup¬ 
plied  to  the  common  equipment  also 
and  deinhibits  the  DD  pulses.  Tim¬ 
ing  and  control  of  the  DS  and  DE 
pulses  are  functions  of  the  display 
timer.  It  will  not  be  described  in 
detail  because  of  space  limitations. 

Storage  Registers 

Three  flip-flop  storage  registers 
are  provided  in  the  digital  portion 
to  store  the  received  information 
bits.  These  are :  a  site  and  message- 
label  storage;  range  storage;  and 
azimuth  .storage. 

Site  and  message-label  informa- 


AZIMUTH  degrees 

FIG.  5 — Eiiocts  oi  r*qUI*r  complement¬ 
ing 
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FIG.  6 — Loqic  'S*  site-telection  por¬ 

tion  oi  the  monitor 


tion  are  stored  in  a  nine-bit  storage 
register  arranged  so  that  input  may 
be  changed  readily  to  accommodate 
any  rearrangement  of  bits  making 
up  the  first  word.  Outputs  of  this 
register  are  connected  to  the  display 
selection  circuitry  so  that  a  com¬ 
parison  can  be  made  with  the  site 
and  message-label  words  requested 
at  the  consoles. 

Range  information  is  stored  in  a 
10-bit  register.  When  a  display  is 
to  be  made,  outputs  of  this  register 
are  fed  to  the  range  decoder  in  the 
analog  portion  without  alteration. 

Azimuth  data  is  fed  in  parallel 
to  two  storage  registers.  All  12  bits 
are  .stored  in  one  of  the  registers, 
outputs  of  which  go  to  the  sine  de¬ 
coder  in  the  analog  portion.  The 
first  11  bits  (2"  to  2")  are  also 
stored  in  the  second  register.  Out¬ 
puts  from  this  second  unit  are  fed 
to  the  cos  decoder  in  the  analog 
portion. 

Register  Complementer 

Logic  for  the  register  comple¬ 
menter  is  shown  in  Fig.  4.  The  two 
most  significant  bits  of  the  sin-.stor- 
age  register  are  fed  to  the  comple¬ 
menter.  Condition  of  the  two 
register  flip-flops  indicates  the  mes¬ 
sage  quadrant.  Azimuth  data 
stored  in  the  sin-storage  register 
represent  a  specific  angle.  This  in¬ 
formation  is  used  only  once  and 


then  discarded.  Assume,  however, 
that  the  azimuth  information 
started  at  0  deg  and  increased  suc¬ 
cessively  to  360  deg.  Then,  the 
summed  output  of  the  azimuth  stor¬ 
age  register  through  all  four  quad¬ 
rants  would  appear,  without  regis¬ 
ter  complementing  circuitry,  as  the 
flip-flop  output  before  complement¬ 
ing  as  shown  in  Fig.  5.  The  register 
complementer  complements  both  the 
sin-  and  cos-storage  registers  to 
produce  a  triangularly  shaped  out¬ 
put  approximating  either  the  sin  or 
cos  of  the  azimuth  angle  stored  in 
the  registers.  Result  of  this  com¬ 
plementing  is  indicated  by  the  re¬ 
maining  two  lines  in  Fig.  5. 

Table  I  shows  that  condition  of 
the  two  most  significant  bits  (2"* 
and  2")  of  the  sin-storage  register 
is  unique  for  each  quadrant.  Other 
columns  of  the  table  indicate  which 
bits  of  the  sin  and  cos  registers 
must  be  complemented  so  that  out¬ 
put  levels  correctly  represent  the 
quadrant. 

In  the  first  quadrant  there  are 
zeros  on  the  lines  for  the  2'“  and  2" 
sin  .set  sides  and  ones  on  the  lines 
for  the  reset  sides  referring  to  Fig. 
4.  As  a  result,  only  AND  circuit  1 
has  an  output.  When  this  level  is 
gated  through  gate  1,  an  output 
pul.se  is  obtained  from  or  circuits 
1  and  2  which  complement  all  of 
the  cos  register  and  the  2‘“  sin  flip- 
flop  after  passing  through  the  ap¬ 
propriate  driver  circuitry. 

In  the  second  quadrant,  zeros  ap¬ 
pear  on  the  lines  from  the  2"  sine 
set  side  and  the  2'"  sin  reset  side. 
Ones  appear  on  the  other  two  lines 
so  that  only  AND  circuit  2  has  an 
output.  When  this  output  level  is 
gated  through  gate  2,  an  output 
pulse  is  obtained  from  OR  circuits  2 
and  3.  These  pulses  pass  through 
the  driver  circuitry  and  comple¬ 
ment  all  of  the  cos  register  and  the 
2"  through  2“  sin  flip-flops. 

In  the  third  quadrant,  there  are 
ones  on  the  lines  from  the  2"  sin 
set  side  and  the  2'"  sin  reset  side 
while  the  other  two  lines  have  zeros 
on  them.  In  this  case,  only  and  cir¬ 
cuit  4  has  an  output  which  is  gated 
through  gate  4  at  the  correct  time. 
An  output  pulse  is  then  obtained 
from  OR  circuits  3  and  4.  These 
pulses  pass  through  the  driver  cir¬ 
cuitry  and  complement  all  of  the 
sin  registers  except  for  the  2‘"  sin 


bit  which  remains  uncomplemented. 

In  the  fourth  quadrant,  ones  ap¬ 
pear  on  the  lines  from  the  2"*  and 
2"  sin  set  sides  while  zeros  appear 
on  the  lines  from  the  reset  sides. 
Con.sequently,  an  output  is  obtained 
from  AND  circuit  3  which  is  gated 
through  gate  3  at  the  correct  time. 
An  output  pulse  is  then  obtained 
from  OR  circuits  1  and  4.  These 
pulses  pass  through  the  driver  cir¬ 
cuitry  and  complement  the  2"  and 
2"  sin  bits. 

Display  Selection 

Either  a  particular  type  of  mes¬ 
sage  from  a  specified  radar  site  or 
all  me.s.sages  from  a  specified  radar 
set  can  be  displayed.  In  the  first 
case,  w’ords  in  the  storage  registers 
are  compared  with  words  requested 
at  the  con.soles  in  the  site-identity 
and  single-message-label  selectors. 
In  the  .second  ca.se,  site-identity  and 
multiple-message-label  selectors  are 
used.  To  avoid  switching  circuitry, 
single-  and  multiple-message-label 
.selectors  are  fed  in  parallel.  Output 
of  each  is  combined  in  an  or  circuit. 
To  cause  a  display,  an  output  must 
be  obtained  from  the  site  selector 
and  from  one  of  the  message-label 
selectors.  Selection  circuitry  is 
built  in  quadruplicate,  one  set  for 
each  console. 

Site-Identity  Selector 

Logic  for  the  site-identity  selec¬ 
tor  is  shown  in  Fig.  6.  A  typical 
binary  word  (10  10)  has  been 
chosen.  Any  other  word  could  be 
compared  in  a  similar  fashion.  The 


FIG.  7 — SlnqU-mcssagc-labsl  ■•Uction 
loqlc 
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word  from  the  console  uses  the  op¬ 
posite  level  notation  of  the  word 
from  the  registers.  That  is,  binary 
one  is  +10  v  and  binary  zero  is 
—30  V  from  the  registers.  But  bi¬ 
nary  one  is  —30  v  and  binary  zero 
is  +10  V  from  the  console  .selection 
switches.  Under  the.se  conditions 
and  with  the  particular  binary  word 
cho.sen  as  an  example,  OR  circuits  1 
to  4  have  a  +  10-v  output  and  AND 
circuits  1  to  4  have  a  — 30-v  output. 
As  a  result,  and  circuit  5  has  a 
+  10-v  output  and  or  circuit  5  has 
a  —30-v  output.  The  inverter 
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FIG.  8  Mulllpl*-m*Maq*-lab«l  talpc- 
tion  logic 


changes  the  —30-v  output  from  or 
circuit  5  to  +  10  v  and  feeds  it  to 
AND  circuit  6.  This  circuit  now  has 
two  of  the  three  neces.sary  inputs. 
If  either  of  the  me.s.sage-label  .selec¬ 
tors  has  a  +10-V  output,  the  third 
input  requirement  will  lie  filled  and 
AND  circuit  6  will  have  a  +  10-v  out¬ 
put.  This  output  is  gated  out  to  be¬ 
come  the  intensification  trigger 
pulse  which  starts  the  timing  count 
in  the  display  timer. 

A.ssume  that  the  word  in  the 
storage  register  had  been  1011 
and  the  word  requested  by  the  con- 
.soles  was  still  10  10.  Then,  a  -f  10- 
V  output  would  have  been  obtained 
from  AND  circuit  4.  After  pa.ssing 
through  OR  circuit  5.  this  output 
would  have  been  inverted.  The  re¬ 
sultant  —  30-v  level  would  have 
bl<K‘ked  AND  circuit  6.  Any  mis¬ 
match  in  the  words  will  result  in 
the  output  being  blcK'ked  in  a  simi¬ 
lar  fashion. 

Single-Message-Label  Selector 

Logic  of  the  single-message-label 
selector  is  shown  in  Fig.  7.  Selec¬ 
tion  of  a  single  me.s.sage  label  is  per¬ 
formed  in  exactly  the  same  manner 
as  in  the  site-identity  selector.  Out¬ 
put  of  the  site-identity  selector  is 
fed  to  the  OR  circuit  shown  in  Fig. 
6. 


If  an  output  is  obtained  from  the 
multiple-message-label  selector  it  is 
fed  back  to  OR  circuit  6  in  the 
single-message-label  selector.  This 
level  (  +  10  V)  passes  through  the 
inverter  and  applies  —30  v  to  the 
output  AND  circuit.  This  action 
blocks  any  output  from  the  single- 
mes.sage-label  selector  and  serves  to 
interlock  the  two  me.H.sage-label 
selectors  as  a  safety  feature. 

Multiple-Message-Label  Selector 

I..ogic  of  the  multiple-mes.sage- 
label  .selector  is  shown  in  Fig.  8. 
This  mode  of  operation  can  be 
.selected  at  the  con.sole.  A.ssume  that 
the  wftrd  requested  by  the  con.soles 
is  0  0  0  0  0.  With  the  opposite  volt¬ 
age-level  representation  .still  being 
used,  the  levels  are  all  +  10  v.  With 
the  circuitry  shown,  an  output  will 

obtained  for  all  message  labels 
repre.senting  odd  binary  numbers 
except  17  (1  0  0  0  1)  and  19(1001 
1  ).  The.se  last  two  numl^ers  are 
u.sed  for  height  finder  information 
and  have  no  significance  for  the 
monitor. 

If  the  conditions  for  message- 
label  selection  (Fig.  8)  are  ex¬ 
amined  closely,  the  following  condi¬ 
tions  are  evident:  .4  must  always  be 
a  one  (  +  10  v) ;  H  may  l)e  either  a 
one  or  a  zero  ( —  ;{0  v  or  •  10  v) ;  C 
is  a  zero  whenever  both  li  and  I) 
are  zeros;  I)  may  lie  a  one  or  a  zero; 
and  E  is  always  a  one.  In  Boolean 
notation,  output  of  the  circuit  must 
lie: 

(A)  (H  +  I)  +  D  (E). 

The  notation  on  Fig.  8  indicates  the 
manner  in  which  this  function  is 
obtained  with  the  circuitry  shown. 

Output  of  the  multiple-message- 
label  .selector  is  fed  to  or  circuit  6, 
P'ig.  7,  to  perform  the  interlwking 
function.  Output  is  fed  al.so  to  the 
OR  circuit  in  F'ig.  6  so  that  an  in¬ 
tensification  trigger  pul.se  may  be 
obtained  if  an  output  is  available 
from  the  site-identity  .selector. 

The  binary  decoder  in  the  analog 
portion  of  the  equipment.  F'ig.  9, 
performs  a  digital-to-analog  con¬ 
version.  Three  decoders  are  u.sed  in 
the  monitor — one  each  in  the  sin 
H,  cos  a,  and  range  channels.  Out¬ 
put  of  any  one  of  the  decoder  units 
is  a  d-c  level  proportional  to  the 
digital  data  appearing  at  the  input 
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FIG.  3  -Block  diagram  oi  analog  por¬ 
tion  oi  the  monitor  ehowing  rarioue 
operationol  etages 


of  the  binary  decoder  unit. 

Five  basic  circuits  are  used  to 
perform  the  conversion.  These  are : 
two  voltage  reference  sources,  a 
constant-current  source,  a  current- 
switching  tube,  and  a  resistive  lad¬ 
der  network. 

Decoder  Circuitry 

Figure  10  shows  the  circuitry  for 
two  of  the  1 1  decoder  stages.  These 
two  stages  correspond  to  the  two 
most  significant  bits  of  digital  data 
presented  to  the  decoder  units.  The 
decoder  output  voltage  varies  from 
+  100  V  (no  digital  input)  to  +150 
V  (all  digital  inputs  present). 

Part  of  the  resistive  ladder,  i?, 
through  R:.,  is  shown  at  the  top  of 
Fig.  10.  The  ladder  weights  and 
sums  the  digital  input  so  that  the 
analog  voltage  output  is  propor- 
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tional  to  the  input  word.  Summing 
takes  place  since  there  is  one  output 
terminal  for  the  entire  ladder  net¬ 
work. 

To  understand  the  weighting 
function,  assume  that  the  right- 
hand  halves  of  current-switching 
tubes  V,  and  V,  are  conducting. 
Each  tube  draws  the  same  current 
through  the  ladder.  The  ladder 
characteristics,  however,  are  such 
that  the  drop  associated  with  V,  has 
only  half  the  effect  on  the  output 
voltage  as  the  drop  associated  with 
Vj.  The  same  effect  exists  in  every 
section  of  the  ladder  so  that  the  in¬ 
dividual  stages  correctly  represent 
the  binary  weighting  of  the  digital 
input. 

Tube  sections  and  V^,  provide 
a  constant-current  source  during 
the  time  that  Vj  and  F,  draw  cur- 


FIG.  10 — Circuitry  ior  two  of  the  11 
decoders  used 


-E  REF  VOLTAGE 


FIG.  11 — Simplified  circuitry  ior  a  buffer 
unit 


rent  through  the  ladder  network. 
Reference  voltage  2  is  supplied  to 
the  grids  of  V'",  to  stabilize  the  op¬ 
eration.  Calibration  potentiometers 
are  used  in  the  cathodes  of  both 
for  initial  calibration  and  to  correct 
for  any  long-term  component  drift. 
Constant-current  .sources  described 
are  used  in  the  four  mo.st  significant 
stages  of  the  decoder.  For  the  other 
seven  stages,  a  regulated  voltage 
reference  is  the  only  necessary  con¬ 
trol. 

In  V,  and  V„  digital  data  are  ap¬ 
plied  to  the  left-hand  grids.  When 
a  digital  zero  is  supplied  to  a  de¬ 
coder-stage  input,  it  is  desirable  to 
have  that  stage  draw  current 
through  the  ladder  network.  Result 
of  this  mode  of  operation  is  that  the 
output  voltage  will  be  low  (-t-100 
v)  with  all  inputs  zero  (—30  v) 
and  high  (  +  150  v)  with  all  inputs 
ones  ( +  10  v).  To  obtain  this  mode, 
the  right-hand  grids  of  V,  and  V, 
are  held  constant  at  a  regulated 
negative  voltage  (reference  voltage 
1). 

When  a  zero  is  applied  to  any 
stage,  the  left  side  of  that  current- 
.switching  tube  is  cut  off.  The  right 
side  draws  current  through  the  lad¬ 
der  network,  dropping  the  output 
voltage. 

When  a  one  is  applied  to  the 
stage,  the  left  side  of  the  current¬ 
switching  tube  conducts,  the  right 
side  is  cut  off.  Output  voltage 
rises  according  to  the  weight  of 
that  stage.  Current  drawn  by  the 
left  side  of  the  current  switching 
tubes  is  bypassed  around  the  re¬ 
sistor  ladder  network. 

Buffer  Unit 

Two  voltage  regulators  and  three 
operational  amplifiers  comprise  the 
buffer  unit.  Each  has  its  own  level- 
shifting  network,  as  .shown  in  Fig. 
11. 

One  amplifier  and  level-shifting 
network  is  used  in  each  of  the  three 
signal  channels  (sin  ff,  cos  ff  and 
range). 

Pure  resistive  coupling  is  u.sed 
between  the  level-shifting  network 
and  the  operational  amplifier.  De¬ 
spite  the  signal  attenuation  present, 
this  type  of  coupling  is  u.sed  to  pre¬ 
serve  the  accurate  signal  level  from 
the  decoder  output.  Signal  levels 
are  shifted  so  that  the  sin  and  cos 
channels  will  have  a  range  from 


FIG.  12 — Schematic  diagram  ol  an  oper¬ 
ational  ompUiler 


—25  to  +25  V  as  the  azimuth  in¬ 
creases  from  0  to  360  deg.  Al.so,  it 
is  necestsary  that  the  range  channel 
vary  from  0  to  +50  v  as  the  range 
increa.ses  from  0  to  maximum. 
Level-.shifting  precision  is  main¬ 
tained  by  0.1-percent  resi.stors. 
The  resistive  network  is  u.sed  al.so 
to  provide  the  nece.ssary  fixed,  high- 
resistance  load  for  the  decoders. 

Operational  Amplifiers 

Primary  function  of  the  opera¬ 
tional  amplifier  is  to  provide  a 
source  capable  of  driving  the  vary¬ 
ing  input  impedance  of  the  sin-cos 
approximators.  Gain  lost  in  the 
level-.shifting  network  is  al.so  made 
up  in  this  stage.  In  the  range  chan¬ 
nel,  restoring  the  lost  gain  is  the 
only  function  of  that  operational 
amplifier. 

Operational  amplifiers  were 
selected  becau.se  of  the  high  preci¬ 
sion  obtainable.  The  amplifier  has 
an  open-l(K)p  gain  in  excess  of  3,000 
and  a  maximum  theoretical  error 
of  0.03  percent.  The  amplifier  is 
actually  operated  at  a  net  gain  of 
only  .slightly  greater  than  unity. 
Use  of  high-precision  resi.stors  in 
the  negative  feedback  from  the 
gain-.setting  network  a.ssures  stabil¬ 
ity  of  the  selected  net  gain  regard¬ 
less  of  any  variation  of  tube  param¬ 
eters. 

Several  types  of  operational  am¬ 
plifiers  are  u.sed.  A  schematic  of  a 
typical  one  is  shown  in  Fig.  12.  A 
differential-amplifier  stage  mini¬ 
mizes  effects  of  tube  drift.  A 
pentode  second  stage  with  positive 
feedback  and  a  cathode-follower 
output  stage  are  u.sed  also.  Regu¬ 
lated  voltages  are  used  in  the  input 
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atafre  to  minimize  effect  of  any 
aupply  ripple  at  the  output  of  the 
amplifier. 

Output  of  the  range  buffer  ia  fed 
directly  to  each  of  the  analog  multi- 
pliera.  Sin  and  coa  buffer  outputs 
are  fed  to  the  ain  ain-coa  approxi¬ 
mator  and  the  coa  ain-coa  approxi¬ 
mator. 


Sin-Cos  Approximator 

The  ain-coa  approximator  con- 
verta  the  firat  approximation  of  ain 

and  coa  (f  to  an  accurate  approxi¬ 
mation  of  theae  functiona.  Conver¬ 
sion  ia  accomplished  by  use  of  two 
diode  function  generators — one  for 
positive  signals,  the  other  for  nega¬ 
tive  signals.  Circuitry  ia  shown  in 
Fig.  13. 

Two  voltage  regulators  are  also 
associated  with  this  circuit.  Each 
supplies  one  of  the  reference  volt¬ 
ages  indicated. 

Assume  that  information  ia  en¬ 
tering  the  digital  portion  in  the 
form  of  constantly  increasing 
values  of  the  azimuth  angle  fi.  For 
any  con.stant  range,  this  informa¬ 
tion  is  displayed  as  a  circle  on  the 
console.  The  first  approximation  of 
H  enters  the  ain-coa  approximator 
as  a  triangular  wave.  It  should  be 
stated  here  that  each  cycle  of  the 
triangular  wave  consists  of  40% 
separate  messages  to  the  digital 
portion,  one  for  each  additional 
azimuth  bit.  The  triangular  wave  ia 
shaped  to  a  ain  (or  coa)  wave  by 
the  biased  diodes.  The  diodes  ap¬ 
proximate  the  sin  wave  with  a 
.series  of  linear  functions.  The  num¬ 
ber  of  diodes  used  determines  the 
accuracy  of  the  approximation  (one 
percent  in  the  monitor).  Diode-con¬ 
nected  triodes  were  used. 


Two  analog  multipliers  are  u.sed 
in  the  monitor  to  convert  the  de¬ 
coder  range  R  and  azimuth  6  in¬ 
formation  into  X  and  y  coordinates. 
Specifically,  one  multiplier  multi¬ 
plies  R  by  sin  (f  to  obtain  x.  The 
other  multiplies  R  by  coa  H  to  ob¬ 
tain  y. 

The  R  data  are  obtained  from 
the  range-buffer  amplifier  and  the 
sin  and  cos  data  are  from  the  two 


FIG.  14 — Circuitry  ior  dlatrlbution  power 
omplUier 


sin-cos  approximators.  Multiplier 
outputs  are  fed  to  the  distribution 
power  amplifiers. 

Polar  coordinates  u.sed  in  the 
monitor  are  oppisite  to  the  x  =  R 
cos  e  and  g  =  ft  sin  0  seen  generally 
in  mathematics.  If  the  usual  co¬ 
ordinates  were  u.sed,  zero  azimuth 
(at  maximum  range)  would  be  di.s- 
played  at  the  right  side  of  the  crt. 
Spots  displayed  at  increasing  azi¬ 
muth  angles  would  then  appear  in 
successive  counter-clockwise  posi¬ 
tions.  By  changing  the  coordinates, 
zero  azimuth  or  north  (at  maximum 
range)  appears  at  the  top  of  the  crt. 
Increasing  azimuth  angles  cause 
the  spots  to  appear  in  successive 
clockwise  positions. 

Analog  Multiplier 

The  analog  voltage  multiplier 
uses  several  operational  amplifiers 
and  associated  network  circuitry  in 
a  variation  of  the  quarter-squared 
technique  of  multiplying  two  volt¬ 
ages.  This  technique  uses  the  equa¬ 
tion 

xg  =  i  r(x  -b  j/)’  -  (x  -  j/)’] 

Squares  of  the  sum  and  difference 
terms  are  formed  accurately  and 
.synthetically  without  use  of  .squar¬ 
ing  devices.  Operational  amplifiers 
find  the  difference  term  and  divide 
by  four.  The  only  .satisfactory  ex¬ 
planation  of  the  multiplier  opera¬ 
tion  is  mathematical  but  will  not 
be  dealt  with  here. 

Distribution  Power  Amplifier 

The  distribution  power  amplifier 
is  an  operational  amplifier  with  an 
output  capable  of  supplying  high 
current  with  low  output  impedance. 
The  output  signal  drives  the  deflec¬ 
tion  amplifiers  in  the  consoles.  A 
schematic  of  the  distribution  power 
amplifier  is  shown  in  Fig.  14. 
Regulators  .stabilize  the  internal 
voltages  and  several  compensating 
networks  maintain  short  ri.se  and 
fall  times.  A  large  amount  of  nega¬ 
tive  feedback  reduces  the  high 
open-Uwp  gain  to  a  closed-linip  gain 
approaching  unit.  This  stabilizes 
the  selector  net  gain  for  tul>e  para¬ 
meter  variations. 

This  equipment  was  developed  by 
Bendix  Radio  on  a  subcontract 
under  the  au.spices  of  IBM,  Lincoln 
Laboratory  and  the  US.\F. 
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Transistor  Unit  Monitors 


Continuous  indication  of  blood  pressure,  with  better  than  3-percent  full-scale 
accuracy,  is  obtained  by  using  variable-reactance  pressure  transdueer  mounted 
in  5-ce  syringe.  Transistorized  excitation  supply  amplifier  and  power-supply 
circuits  permit  packaging  entire  instrument  in  8  by  10  by  10  inch  unit 


By  O,  Z.  ROY  and  J.  R.  CHARBONNEAU 

Electromedical  Project,  National  Research  Council,  Ottawa,  Canada 


Reliable  and  accurate  methods 
of  continuously  measuring  a 
patient’s  blood  pressure  during  an 
operation  have  been  provided  for 
many  years  by  commercial  instru¬ 
ments.  However,  becau.se  operating 
room  space  is  at  such  a  premium  it 
was  felt  that  many  of  the  bulky 
commercial  models  could  be  re¬ 
placed  by  a  transistorized  monitor. 

The  instrument  to  be  described 
has  three  ranges,  0  to  75,  0  to  150 
and  0  to  300  mm  of  Hg;  the  mean 
blood  pressure  is  indicated  on  a 


panel  meter,  while  an  additional 
output  permits  continuous  record¬ 
ing  of  systolic  and  diastolic  pres¬ 
sure  variations.  The  complete  in¬ 
strument  mea.sures  8  by  10  by  10 
in.  and  has  a  full-scale  accuracy  of 
better  than  3  percent. 

Basic  Principles 

By  definition  the  maximum  intra¬ 
arterial  pressure  during  contrac¬ 
tion  of  the  heart,  or  the  .systole 
phase,  is  called  systolic  and  the 
minimum  pressure  between  relaxa¬ 


tion  and  the  start  of  the  next  heart 
contraction  is  called  diastolic.  The 
mean  pressure  is  usually  given  as 
half  the  sum  of  the  values  for  the 
systolic  and  diastolic  pressures.  A 
pre.ssure  introduced  at  the  trans¬ 
ducer  effects  an  electrical  relation¬ 
ship  which  is  exactly  proportional 
to  the  applied  pre.ssure. 

The  transducer,  which  is  acti¬ 
vated  by  a  needle  inserted  directly 
into  a  patient’s  artery,  is  a  com¬ 
mercially  available  variable-react¬ 
ance  unit  that  replaces  the  plunger 


FIG.  1 _ Accuracy  and  r«p«atablHty  ol  readlnqi  obtained  with  thh  circuit  are  limited  only  by  characterUtice  ol  transducer  used 
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in  a  5-cc  syrinsre.  This  assembly 
facilitates  sterilization  by  solution 
or  auUK'lavinR.  To  prevent  bUnwl 
dotting,  a  three-way  stopcock  is 
used  l)etween  the  needle  and  the 
syrinjre  for  the  introduction  of 
anticoagulant  solution. 

Circuit 

The  transducer  is  excited  by  a 
low-distortion  sine  wave  produced 
by  the  oscillator  sh«iwn  in  Fig.  1. 
This  circuit  is  the  counterpart  of 
the  vacuum-tube  Wien-bridge  o.scil- 
Iat«»r.  Positive  and  negative  feed¬ 
back  circuits  generate  a  5-kc,  l-v 
rms  signal. 

Frecjuency  of  oscillation  is  deter¬ 
mined  by  the  bridge  circuit  ( fi„ 
K:,  C„  C.)  in  the  negative-feedback 
IcMip.  The  amplitude  of  oscillation 
is  .stabilized  by  the  lamp  filament 
resistance  in  the  positive  feedback 
circuit.  Power  output  stage  Q, 
couples  the  oscillator  to  the  low-im- 
I)edance  tran.sducer  bridge  circuit. 

With  the  bridge  parameters 
shown  and  proper  balancing  pro¬ 
cedure,  the  null  potential  can  be 
made  as  low  as  0.1  mv.  The  null 
point,  although  not  absolute  zero, 
is  low  enough  to  be  negligible  and 
serves  as  a  reference  for  the  output 
readings. 

The  signal  from  the  bridge  is  fed 
through  a  range  switch  into  a  three- 
stage  5-kc  amplifier  comprising  Q., 
Q,  and  Q,;  bandw’idth  and  gain  are 
shown  in  Fig.  2.  Provision  of  suffi¬ 
cient  negative  feedback  throughout 
the  amplifier  allows  variations  be¬ 
tween  transistors  and  provides  g(M>d 
thermal  .stability. 

The  amplified  pre.ssure  signal  is 
rectified  by  I),  and  applied  to  the 
bases  of  Q,  and  A  microam¬ 
meter  is  connected  between  the  col¬ 
lectors.  Silicon  transistors  are  used 
because  of  their  greater  stability 
with  temperature  variations. 

To  obtain  a  true  mean-pre.ssure 
indication  on  the  meter,  the  ripple 
voltage  produced  by  the  systolic 
and  dia.stolic  pre.ssure  variations  is 
fed  in  phase  to  both  sides  of  the 
differential  amplifier  through  a 
large  capacitor  and  thus  does  not 


Coinpactn*M.  accuracy  and  dapandability  of  unit  make  it  idaal  for  oporatinq-room 
■•rric*.  CompUl*  Initrument  meaiura*  only  8  by  10  by  10  in. 


FIG.  2— Tuned  amplifier  reeponie  show-  FIG.  3 — Calibration  curree  for  different  oper- 
inq  bandwidth  and  qain  atinq  ranqee 


affect  the  meter  reading.  However, 
a  pen-recorder  output  is  incor¬ 
porated  to  obtain  a  record  of  sys¬ 
tolic/diastolic  pressure  changes. 

The  constant-voltage  transi.stor- 
regulated  power  supply  produces 
—  12  V  at  the  load  with  Itetter  than 
1-percont  regulation  for  line  varia¬ 
tions  of  :i-10  percent,  and  better 
than  5-percent  regulation  varia¬ 
tions  from  zero  to  100  ma. 

Calibration 

The  instrument  is  calibrated  by 
applying  a  known  pre.ssure  on  the 
transducer  through  a  cuff  manom¬ 
eter.  With  the  range  .switch  on 
the  0  to  75  mm  range  and  a  static 


pressure  of  75  mm  of  Hg  set  by  the 
cuff  manometer,  a  full-scale  reading 
is  obtained  by  adjusting  the  current 
flowing  into  the  base  of  Q,  with  the 
calibration  potentiometer.  Typical 
calibration  curves  for  the  instru¬ 
ment  are  shown  in  Fig.  S. 

Accuracy  and  repeatability  of 
readings  are  determined  chiefly  by 
the  transducer  used.  With  a  Cres¬ 
cent  type  MPQ6  (0  to  SOO  mm  Hg) 
tran.sducer  in  the  circuit,  an  ac¬ 
curacy  of  better  than  3-percent  full 
.scale  was  obtained.  The  overall 
base-line  drift,  after  a  warmup 
period  of  two  hours  is  less  than  1 
percent  of  the  full-scale  reading  per 
hour. 
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Active  Bandpass  Filter 


There  are  many  applications 
for  a  small,  adjustable  audio 
bandpass  filter  having  sharp  cut-off 
characteristics.  The  filter  described 
here  is  adaptable  for  sound  analy¬ 
sis’  and  can  be  designed  with  frac¬ 
tional  octave  steps.  Sharp  cutoff 
sloi^s,  wide  dynamic  range  and  low 
noise  make  it  valuable  for  a  variety 
of  measurements  in  the  audio  field. 

By  making  the  filter  active,  all 
inductances  could  be  eliminated,  re¬ 
ducing  size,  weight,  distortion  and 
hum  pickup  while  extending  dy¬ 
namic  range.  To  obtain  sharp  cor¬ 
ners  and  high  cutoff  slopes  with  a 
minimum  of  complication,  both 
high-pass  and  low'-pass  sections  of 
the  filter  were  designed  to  achieve 


7th-order  Butterworth  (maximally- 
flat)  characteristics,  giving  cutoff 
slopes  of  42  db/octave. 

In  a  7th-order  filter  of  the  type 
considered,  seven  elements  must  be 
varied  simultaneously  to  alter  the 
cutoff  frequency.  Becau.se  it  is  diffi¬ 
cult  to  achieve  accurate  tracking 
of  seven  ganged  elements,  it  was 
decided  to  change  the  cutoff  fre¬ 
quency  by  switching  the  elements 
in  discrete  steps.  Each  decade  is 
divided  into  eleven  intervals, 
equally  .spaced  on  a  logarithmic 
frequency  scale.  Thus,  the  ratio 
between  two  successive  cutoff  fre¬ 
quencies  is  10’”  =  1.23285. 

The  selected  frequencies  and 
ideal  cutoff  characteristics  are 


shown  in  Fig.  1.  There  are  34  sep¬ 
arate  high-pa.ss  cutoffs  from  16.2 
cps  to  16,200  cps  and  34  low-pass 
cutoffs  running  from  20  cps  to  20,- 
000  cps.  The  12  cutoff  frequencies 
within  each  frequency  decade  are 
obtained  by  switching  resistor 
values  while  frequency  multiplica¬ 
tion  factors  of  10  and  100  are 
achieved  by  switching  capacitors. 

The  absolute  value  of  the  input- 
output  voltage  transfer  ratio, 
S(ja>),  of  a  7th-order  low-pass  But¬ 
terworth  filter  having  unity  trans¬ 
fer  ratio  in  the  pass  region  may  be 
written  as  |S(j«)l  =  fl  f 
where  the  cutoff  radial  frequency 
ai„  has  been  normalized  to  unity  for 
convenience.  As  shown  el.sewhere*, 


Table  I — Low-Pass  Frequency -Determining  Resistor  Table  II — High-Pass  Frequency -Determining  Resistor 
Values  Values 
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BondpaM  filler  in  use  in  the  laboratory, 
is  the  liqhl-weiehl  aluminum  unit  above 
the  signal  generator 


FIG.  1 — High-pass  and  low-pass  cutoff 
frequencies  and  ideal  slopes 
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Use  of  active  elements  results  in  a  lifihtweight,  a<lju.stable  R-C  audio  filter 
having  Hutterwortli  attenuation  characteristics  and  12  dh  octave  cutoff 
slopes.  Filter  supplies  more  than  SO  volts  mis  output  with  low  distortion  and 
has  dynamic  range  exceeding  100  dh.  Second-order  harmonii*  distortion  is 
consiilerahly  reduced  hy  operating  tiihe  heaters  at  low  voltage 
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Has  Sharp  Cutoff 


the  transfer  ratio  itself  may  be 
written  in  terms  of  the  complex 
frequency  variable  p(  equal  to  «r  + 
}<u,  where  a  is  a  small  constant) 
as  S  ( p)  =  [  (p  +  Dtp’  +  d,p  +  1) 
(p‘  +  d.p  +  i)(p'  +  f  ur', 
with  =  2  cos  (irw  7)  for  tu  = 
1,  2,  3.  These  values  of  (/„  (1.802, 
1.247,  and  0.445)  cause  the  complex- 
conjugate  poles  of  iS(p)  to  lie 
etiually  spaced  on  the  left  half  of  a 
unit-radius  circle  in  the  p  plane 
with  center  at  p  =  0.  There  is  also 
a  i)ole  at  p  =  —1.  This  di.stribution 
of  poles  results  in  Butterworth.  or 
maximally  flat,  response.  For  hijih- 
pass  response,  there  is  a  7th-order 
zero  at  p  =  0  in  addition. 

One  of  the  easiest  ways  of  realiz- 
inK  the  above  form  of  S(p)  is  to 
use  a  separate  circuit  to  achieve 
each  term  in  parenthe.ses  in  the  ex¬ 
pression  for  S(p).  The.se  circuits 
must,  of  cour.se,  be  i.solated  from 
each  other.  The  term  (p  +  1)''  is 


produced  merely  by  a  sinirle  R-C 
time  constant.  The  other  terms  may 
be  realized  in  a  variety  of  ways. 

Results  of  previous  work"  lead  t») 
the  simple  feedback  circuits  of  F'ij?. 
2.  The  active  elements  with  voltage 
transfer  ratios  of  K  should,  ideally, 
have  inflnite  input  and  zero  output 
impedances.  They  then  Kive  i)erfect 
i.solation  l)etween  stajres.  For  prac¬ 
tical  purpo.ses,  cathode  followers 
may  Iw  used  as  lonjr  as  the  required 
K  is  le.s.s  than  unity. 

Equations  relatinir  the  d’s,  K’a, 
and  frequency-determining  resistor 
and  capacitor  values  have  Iwen 
jriven  and  are  discussed  in  connec¬ 
tion  with  the  detailed  circuit  desiirn 
of  the  pre.sent  filter  el.sewhere.’ 
Tables  1  and  II  show  the  calculated 
fre<tuency  determining  resi.stor 
values.  Resist«)r  values  were  se¬ 
lected  to  within  2  or  3  percent  of 
nominal  and  the  capacitor  values  to 
within  1  percent.  Table  III. 


Table  III — Active-Element  Transfer  Ratios.  K,  and  Frequency-Determin¬ 
ing  Capacitor  (/if)  for  the  Lowest  Decade 
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FIG.  2 — Elemental  irequency-determin- 
inq  circuits  with  ieedback 
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Fiirure  3  shows  the  circuit  of  the 
filter  with  switches  for  chanirinir 
resistor  and  capacitor  values  omit¬ 
ted.  The  switches  shown  allow  the 
low-pa.ss  and  the  high-pa.ss  .sections 
to  be  u.sed  in  .series,  either  .section 
.separately,  or  neither  section.  The 
low-pass  .section  is  entirely  direct 
coupled  and  could  be  employed  sep¬ 
arately  as  a  direct-coupled  filter. 

Augmented  cathode  followers 


1^ 


FIG.  3 — Filter  circuit  with  switching  oi  irequency-detemiining  elements  omitted 


(acf)‘  which  have  low  output  im¬ 
pedances  and  voltage  transfer 
ratios  which  may  be  made  greater 
than  unity  are  used.  The  filter  was 
actually  designed  with  all  cathode 
follower  K’s  equal  to  0.97  and  with 
the  low-  and  high-pa.ss  acf’s  having 
K’s  of  1.33  and  1.3,  respectively. 

Cathode  Followers 

The  12BZ7  cathode  followers  used 
were  found  to  be  superior  to 
12AT7’s  in  having  an  input-output 
voltage  transfer  ratio  nearer  unity 
and  a  lower  output  impedance.  The 
factor  K  varied  from  0.98  with  an 
added  output  load  of  115,000  ohms 
to  0.96  with  an  added  load  of  15,- 
000  ohms.  Because  switching  of  the 
frequency  determining  resi.stors 
puts  a  varying  load  on  the  cathode- 
follower  circuit.s,  it  is  desirable  to 
pick  the  impedance  level  such  that 
the  change  from  minimum  to  maxi¬ 
mum  load  alters  K  as  little  as  pos¬ 
sible  since  the  d  factors  which  de¬ 
termine  filter  respon.se  depend  on 
the  K’s.  On  the  other  hand,  with 
too  high  an  impedance  level,  the 
effect  of  stray  capacitances  will  be¬ 
come  important  at  high  frequencies. 

The  impedance  level  has  been  se¬ 
lected  so  that  all  cathode-follower 
K’s  lie  between  about  0.982  and 
0.97.  Frequency-determining  re¬ 
sistance  values  then  lie  between 
1.1  megohm  and  32,000  ohms.  The 
actual  small  variations  of  K  with 
load  have  been  found  to  exert  neg¬ 
ligible  effect  on  the  filter  character¬ 
istics.  The  output  impedances  of 
the  two  acf’s  used  are  so  low  that 
variable  loading  has  no  measurable 
effect  on  their  K  values.  Values  of 


K  greater  than  unity  are  achieved 
here  by  tapping  down  the  feedback 
line  on  the  output  cathode  resistor. 
Distortion  is  low  in  the  acf  circuits 
and,  like  cathode  followers,  they 
produce  no  pha.se  inversion. 

In  the  cathode  follower  circuits, 
the  input  .shields  are  driven  by  the 
output.  Since  the  output  is  in  pha.se 
with  and  almost  equal  to  the  input, 
this  technique  reduces  the  effect  of 
stray  capacitance  to  ground  and  of 
capacitance  between  shield  and  in¬ 
put  appreciably.  The  minimum  in¬ 
put  resistance  of  the  filter  is  about 
80,000  ohms.  It  could  be  made  much 
greater  by  using  a  separate  input 
isolation  stage.  The  output  resis¬ 
tance  is  about  350  ohms.  By  plac¬ 
ing  an  acf  last,  it  could  be  reduced 
to  about  5  ohms;  it  was  felt  more 
desirable,  however,  to  use  the  low 
acf  output  resistance  to  drive  fre- 
(juency-selective  elements  instead 
of  the  output. 

Performance 

Before  measurement  of  filter  per¬ 
formance,  the  two  acf  X-values 
were  adjusted  to  give  the  closest 
approximation  to  maximally  flat  or 
Butterworth  response  in  the  neigh¬ 
borhood  of  all  of  the  cutoff  fre¬ 
quencies.  Although  the  many  fre¬ 
quency  determining  resistance 
values  were  selected  to  within  only 
two  or  three  percent  tolerance,  it 
was  found  that  all  cutoff  regions 
approximated  ideal  Butterworth  re¬ 
sponse  to  within  ±1  db  and  that 
many  were  much  closer  than  that  to 
ideal.  Only  when  several  of  the  re¬ 
sistance  tolerances  were  off  in  the 
same  direction  did  as  much  as  a 


1  db  deviation  above  or  below  ideal 
response  occur.  In  the  majority  of 
the  cases,  resistance  deviations  in 
opposite  directions  cancelled  out. 

The  input-output  voltage  trans¬ 
fer  ratio  of  the  low-pass  section  was 
found  to  be  1.33  while  that  of  the 
high-pass  section  was  1.26,  making 
the  voltage  amplification  ratio  of 
both  sections  in  .series  1.68.  These 
results  apply  for  all  positions  of 
the  low-pa.ss  .section  but  are  slightly 
altered  for  the  /  x  100  position  of 
the  high-pass  .section.  There,  the 
high-pa.ss  voltage  transfer  ratio  is 
reduced  by  4  db  compared  to  the 
/  X  1  and  /  X  10  po.sition.s.  This 
reduction  is  independent  of  cutoff 
position  (resistance  values)  and 
arises  from  unavoidable  stray  ca¬ 
pacitance  to  ground.  The  effect 
could  have  been  reduced  or  elimi¬ 
nated  entirely  by  making  all  high- 
pass  capacitance  values  ten  times 
larger  and  all  resistance  values  ten 


•120 1 - - — ■  ■  - .  1  .  -1-600 

lOO  300  1.000  3,000  *0000  30,000 
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FIG.  4 — Typical  amplltud*  and  phas* 
charact«riallc«  oi  tho  iiltor 

times  smaller.  This  reduction  in  im¬ 
pedance  level  would  have  caused 
appreciable  change  in  cathode  fol¬ 
lower  K's  with  cutoff  position,  how¬ 
ever,  because  of  the  increased 
loading  and  would  have  necessitated 
replacement  of  these  cathode  follow¬ 
ers  by  acf’s  if  no  change  of  high- 
pass  voltage  transfer  ratio  and 
corner  shape  with  cut-off  position 
were  required. 

The  impedance  level  is  similarly 
high  in  the  low-pa.ss  section,  but 
voltage  amplification  reduction  in 
the  /  X  100  position  can  be  elimi¬ 
nated  since  the  important  stray  ca¬ 
pacitance  is  there  in  parallel  with 
the  frequency-determining  capaci- 
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tances.  By  usinj?  variable  trimmer 
capacitances  in  the  /  x  100  posi¬ 
tion,  the  values  of  all  C„  C„  and  C, 
capacitances  can  be  set  once  and  for 
all  to  their  correct  values,  includ¬ 
ing  stray  capacitance  effects,  to 
yield  Butterworth  response. 

Phase  and  Amplitude 

Typical  amplitude  and  phase 
characteristics  for  two  different  set¬ 
tings  of  the  filter  are  shown  in  Fiir. 
4.  Because  of  unavoidable  harmonic 
distortion  in  the  o.scillator  used,  the 
hi(rh-pa.ss  amplitude  characteristic 
with  hiKh-pass  cutoff  freijuency 
/ii-i-  =  1,070  cps,  low-pa.ss  cutoff 
ft-r  =  20,000  cps  had  to  be  meas¬ 
ured  with  a  wave  analyzer.  The  low’- 
pass  characteristic  could  be  meas¬ 
ured  with  either  the  wave  analyzer 
or  a  wide-band  a-c  voltmeter.  Phase 
was  measured  with  a  phasemeter. 
The  intrinsic  noise  output  'of  the 
filter  set  for  maximum  bandpa.ss 


FIG.  5 — InlannodulatioB  dlalortion  ▼•nut 
output  Toltago  ior  two  hoator  Toltofo* 


(/h-p  =  16  cps,  /u-r  =  20,000  cps) 
was  less  than  100  >iv  rms  measured 
with  a  wide-bandwidth  voltmeter. 

The  residual  6  db/octave  slope 
in  the  low-pass  characteristics  of 
FiR.  4  arises  from  feedthroujrh. 
The.se  results  suRKe.st  that  if  the 
impedance  level  in  the  low-pass 
section  were  reduced  by  makinR  all 
fretjuency  determininR  capacitors 
larger  and  all  resistors  smaller  by 
a  factor  of  ten,  an  increa.sed  re¬ 
gion  of  attenuation  of  42  db  octave 
slope  in  the  /  x  100  and  /  x  10 
positions  could  be  achieved. 

The  amplitude  respon.se  curves  of 
Fig.  4  are  within  better  than  1  db 
of  ideal  Butterworth  response  over 


their  entire  regions  until  the  final 
high-attenuation  curvature  sets  in. 
Since  the  attenuation  at  cut-off 
should  be  3  db,  when  both  low-pass 
and  high-pass  sections  are  .set  to 
the  same  cutoff  frequency  the  com¬ 
bined  attenuation  should  be  6  db  at 
the  peak  of  the  resulting  inverted  V 
characteri.stic.  In  the  large  major¬ 
ity  of  cases,  the  attenuation  is  6  db 
^Idb;  in  a  few  ca.ses,  the  deviation 
may  be  as  large  as  ±2  db. 

The  upper  dashed  pha.se  curve  of 
Fig.  4  is  associated  with  the  low- 
pasts  amplitude  curve.  It  approaches 
a  high-frequency  limiting  value  of 
560  deg,  while  the  lower  pha.se 
curve  approaches  a  value  of  —560 
deg.  The.se  phase  shifts  are  appre¬ 
ciable.  Others  have  shown”  that 
tremendous  phase  shifts  are  re¬ 
quired  to  cause  audible  effects. 

It  has  already  been  mentioned 
that  when  and  fu-r  are  .set 

e<]ual,  the  resulting  characteri.stic 


FIG.  $ — Inlvnaodulation  ond  harmonic 
diBlortioa  ronua  hoator  oollaqo 


is  an  inverted  V  with  42  db/octave 
side  slopes.  When  the  high-  and  low- 
pass  cut-offs  are  separated  by  one 
step,  the  top  of  the  characteristic 
is  more  rounded  and  is  about  1.2 
db  under  the  normal  transmission 
of  the  filter.  With  two  or  more  steps 
between  high-  and  low-pass  .set¬ 
tings,  the  top  of  the  band-pass 
characteristic  is  not  reduced  com¬ 
pared  with  the  normal  transmis¬ 
sion  and  it  shows  a  definite  flat  por¬ 
tion  with  three  or  more  steps. 

The  dynamic  range  of  the  filter 
is  great.  Because  of  the  use  of 
cathode  followers  and  acf  cir¬ 
cuits,  it  will  handle  an  output  of 
more  than  50  v  rms  without  appre¬ 


ciable  distortion.  The  total  dynamic 
range  therefore  exceeds  110  db. 
Having  no  inductors,  the  filter  is 
not  su.sceptible  to  hum  pickup  from 
magnetic  fields. 

F'igure  5  shows  the  measured 
intermodulation  distortion  of  the 
filter  for  two  different  heater  volt¬ 
ages  applied  to  all  tubes.  The  effect 
of  heater  voltage  in  reducing  dis¬ 
tortion  is  clarified  in  Fig.  6.  These 
measurements  show  that  the  third 
harmonic  distortion  is  virtually  in¬ 
dependent  of  heater  voltage  (or 
current)  until  such  low  voltages 
are  reached  that  cathode  emission 
drops  rapidly.  Similarly,  the  fun¬ 
damental  component  is  independent 
of  heater-voltage  until  this  level  is 
reached.  On  the  other  hand,  the 
second  harmonic  goes  virtually  to 
zero  just  before  the  point  is  reached 
where  the  emi.ssion  drops  quickly. 

Since  the  second  harmonic  is  the 
major  harmonic  component  at  the 
lower  output  voltages.  F'igs  5 
and  6  show  that  the  intermodula¬ 
tion  distortion  is  also  appreciably 
reduced  at  the  lower  outputs  by  re¬ 
ducing  the  heater  voltage  to  the 
region  where  .second-harmonic  dis¬ 
tortion  is  negligible.  This  conclu¬ 
sion  is  also  borne  out  by  the  differ¬ 
ent  slopes  of  the  two  curves  of  Fig. 
5.  The  low  dist«»rtion  values  shown 
in  Figs.  5  and  6  al.so  depend  on 
proper  selection  of  the  (>ositive  and 
negative  .supply  voltages. 

Sec«»nd-harmonic  cancellation  of 
the  above  form  ari.ses  from  a  de¬ 
pendence  of  the  input-output  trans¬ 
fer  characteristics  of  the  various 
tul)es  «>f  the  filter  on  cathode  tem¬ 
perature.  At  a  certain  temperature, 
the  curvatures  of  the.se  characteri.s- 
tics  are  apparently  just  right  to 
yield  a  combined  characteristic  with 
no  second-order  harmonic-generat¬ 
ing  components  over  quite  a  wide 
dynamic  range.  Since  the  specifica¬ 
tions  of  the  filter  are  improved  by 
operation  with  3.5  -  3.8  volts  on  the 
heaters,  it  is  run  at  that  level. 
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Amplifier  Delay  Charts 

Curves  presented  here  permit  rapid  determination  of  time  delay  throufjh 
various  types  of  amplifiers  when  only  desired  bandwidth  is  known.  Most 
desirable  amplifier  type  for  a  "iven  design  can  be  found  directly  from  a 
universal  chart  especially  applicable  to  computers  and  radar 

By  J.  B.  HARRI>GTOIN.  General  Electric  Co.,  Military  Electronic  Equipment  Dept.,  tTtlca.  New  York 
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FIG.  1 — Time  delay  curret  ior  networks.  Time  delay  characterietice  produced 
in  ordinary  R-L-C  networks  are  Important  design  iactors.  Many  applications  use 
linear  delay  dispersion  plotted  abore 


SMALL  TIME  DELAYS  present 
in  vacuum  tube  amplifiers 
determine  the  correct  temporal 
relationship  between  two  or  more 
signals.  This  delay  time  is  com¬ 
posed  of  two  parts — actual 
transit  time  in  tubes  and  com¬ 
ponents  and  delay  resultinK  from 
pha.se  shift  through  the  circuit. 

Since  transit  time  delays  are 
insignificant,  this  discussion 
deals  only  with  phase  shift 
effects.  Basic  equation  used  is 

r  -  u.  -  L,  -.‘I* 

dw 

where  T  is  time  delay,  t„,  is 
time  out  of  network,  f,,  is  time 
into  network,  <l>  is  pha.se  shift 
through  network  and  w  is  any 
frequency. 
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FIG.  2 — Time  delay  curees  ior  rideo  ompliiiere.  Video  ampllfiera  can  be  common  R-C  amplifiers  or  compensated  types 
which  proTide  bandwidth  improTement  and  faster  rise  time.  Time  delay  curves  for  various  degrees  of  shunt  compen¬ 
sation  are  plotted  in  (A).  For  the  uncompensated  cose,  the  time  delay  variation  across  the  bandwidth  is  50  percent 
while  ior  0.25  shunt  compensation  the  variation  is  only  41  percent.  Shunt  compensation  greater  than  0.25  produces  lorger 
and  more  positive  time  delays.  Time  delay  curves  ior  n-cascaded  shunt  compensated  stages  plotted  In  (B)  show  the  rela¬ 
tionship  between  time  delay  variation,  overall  bandwidth  and  number  of  stages.  Delay  variation  across  the  bond  decreases 
with  increasing  numbers  oi  stages  because  oi  bandwidth  shrinkage.  Time  delay  ior  a  number  oi  stages  con  be  deter¬ 
mined  readily  from  curves  with  only  knowledge  oi  overall  bandwidth  and  number  oi  stages 
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FIG.  3 — Tima  dalay  cunraa  ior  aynchronously  tunad  bandpaaa  ampIlHars.  Tima  dalay  through  singla-tunad  1-i  amplliiars 
containing  n  itagaa  is  plottad  in  (A).  This  chart  is  normolisad  to  tha  bandwidth  oi  a  single  stage  to  show  ilattaning 
oi  time  delay  aariation  across  orarall  bandwidth  whan  number  oi  stages  is  increased.  Tima  delay  distortion  oi  a 
broadband  signal  is  smallest  whan  a  large  number  oi  cascaded  stages  is  used.  For  example,  aariation  across  the 
band  ior  a  single  stage  la  SO  percent  while  ior  three  stages  is  only  19  percent.  In  narrow-bond  1-i  strip  design,  there- 
iore.  it  is  not  odaontageous  to  make  one  stage  the  bondwidth  determining  stage  unless  the  ossociated  time  delay  distortion 
can  be  toleroted.  Time  delay  aariatlon  as  a  iunction  oi  oaerall  bondwidth  Is  plotted  in  (B).  Only  oaeroll  bandwidth  ond 
number  oi  stages  must  be  known  to  determine  the  oaerall  time  delay.  In  a  strip  haalng  stages  oi  unequal  bandwidths. 
oaerall  delay  can  be  calculated  by  adding  delays  ior  eoch  bondwidth. 
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FIG.  4  -Time  delay  curaes  ior  stagger-tuned  amplliiers.  Stagger-tuned  ampliiiers  are  used  when  large  bandwidths  are 
required.  The  product  oi  oaerall  bandwidth  and  mean  stage  gain  ior  a  flat,  staggered  n-uple  is  the  same  as  the  gain  band¬ 
width  product  ior  a  single  tuned  circuit.  Main  adaontage  oi  this  circuit  is  thot  the  bandwidth  shrinkage  oi  m  cascoded  ilat 
staggered  n-uple  Is  much  smaller  than  the  shrinkage  which  occurs  in  n  cascaded  single-tuned  circuits.  Time  delay  curaes 
ior  a  ilat.  staggered  n-upla  designed  irom  tabulated  aolues  are  shown  in  (A).  The  only  cases  which  haae  less  than  the 
synchronously  tuned  delay  are  the  ilat  staggered  pair  and  the  ilat  staggered  triple.  Time  delay  ior  m  ilat,  staggered  triples 
and  pairs  as  iunctlons  oi  oaeroll  bandwidth  are  shown  in  (B)  and  (C).  Oaerstaggered  n-uples  are  sometimes  used  where 
eaen  wider  bandwidths  ior  a  giaen  gain  are  required  and  slight  dips  in  the  bandpass  con  be  tolerated.  An  oaerstaggered 
n-uple  con  be  designed  Irom  the  ilat-staggared  n-uple  design  table  in  (A)  by  leaaing  the  indiaidual  resonant  irequencies 
unaltered  and  narrowing  the  indiaidual  bandpasses  by  the  same  ratio.  Oaerall  bandpass  will  be  airtuolly  unoltered.  but 
gain  will  increcne  proportionotely.  Time  delay  curaes  ior  oaer-staggered  pairs  and  triples  with  one  and  three  db  dips  are 
oaerall  delay  con  be  be  calculated  by  adding  delays  ior  each  bandwidth.  (continued  on  p  90) 
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Amplifier  Delay  Charts  (continued  from  p  89) 
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FIG.  5— Time  delay  curve*  lor  double-tuned  circuits.  Main  a  ivantaqes  of  transformer  coupled  tuned  circuits  over  stnqle- 
tuned  circuits  are  the  hiqher  qain-bandwidth  product,  the  ste  Per  skirt  selectivity  and  the  lower  bandwidth  shrtnkaqe  wi  h 
cascaded  staqes.  Improvement  in  qain-bandwidth  product  d  psnd*  on  the  Q  ratio  of  primary  and  secondary  windinqs  and 
varies  from  \  2  with  equal  primary  and  secondary  Q’s  to  2  with  one  of  the  Q's  infinite,  that  is,  one  side  loaded.  For  a  qiven 
bandwidth,  selectivity  curve  is  constant  with  variation  of  Q  ratio. 

Time  delay  curves  for  transitionally  coupled  double-tuned  circuits  are  plotted  in  (A).  For  a  sinqle  staqe.  only  20  percent 
time  delay  variation  exists  over  the  3  db  bandwidth  as  compared  with  50  percent  for  a  slnqle-tuned  staqe.  For  three  staqes. 
however,  the  sinqle-tuned  delay  variation  is  down  to  19  percent  while  the  variation  in  the  double-tuned  case  is  decreased 
to  only  22  percent.  Hiqh  bandwidth  shrinkaqe  rate  tend*  to  flatten  the  delay  variation  across  the  3-db  bandwidth  of  a  num¬ 
ber  of  sinqle-tuned  amplifiers.  Delay  characterUtic*  chanqe  for  nontransitional  couplinqs.  Time  delay  curves  for  various 
deqrees  of  couplinq  are  plotted  in  (B).  Quantity  jS  is  normalised  to  that  obtained  with  transitional  couplinq 
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FIG.  6 — Time  delay  curves  for  staqqer  dampinq.  A  plan  for 
broadeninq  the  bandwidth  of  a  number  of  cascaded  double- 
tuned  circuits  is  called  staqqer  dampinq.  It  consists  of  cas¬ 
caded  undercoupled  and  overcoupled  circuits.  A  properly 
desiqned,  flat,  staqqer-damped  n-uple  has  a  product  of  ove'- 
all  bandwidth  and  mean  staqe  qain  equal  to  that  of  a  one- 
side,  loaded  double-tuned  circuit.  Curves  were  based  on 
data  shown  in  desiqn  table 


FIG.  7 — Universal  time  delay  curves.  When  siqnals  are  in  the 
form  of  voltaqe  pulses,  amplifier  delay  time  can  be  important. 
Pulse  delay  lime,  as  defined  here,  is  the  time  difference  be¬ 
tween  the  input  and  output  leading  edqes  measured  at  the 
point  which  is  SO  percent  of  the  peak  pulse  amplitude.  Corre¬ 
lation  of  delay  time  with  overall  bandwidth  and  number  of 
staqe*  is  accomplished  in  the  universal  amplifier  delay  curves 
at  riqht.  If  the  amplifier  type,  the  number  of  staqes,  and  the 
overall  bandwidth  are  known,  the  omplifier  delay  time  can  be 
found  directly.  For  example;  an  eiqht-staqe  synchronously 
tuned  amplifier  havinq  an  overall  bandwidth  of  one  me  pro¬ 
duces  a  delay  time  of  0.755  Msec,  while  a  shunt  compensated 
video  amplifier  of  the  some  overoll  bandwidth  and  number  of 
staqes  has  a  delay  of  0.48  Msec.  The  curves  apply  only  for 
cascaded  staqes  or  n-uples  of  equal  bandwidth.  If  unequal 
bandwidth*  are  used,  the  overall  bandwidth  is  the  sum  of  the 
delays  at  each  bandwidth  os  determined  separately  from  the 
universal  curve.  Assume  that  an  amplifier  of  known  time  delay 
is  required  with  a  qain  of  80  db,  a  bandwidth  of  four  me  and 
cascaded  5654  tubes.  The  100-db.  80-mc  circuit  with  the  shortest 
delay  turns  out  to  be  the  seven-staqe  R-C  amplifier  while  a 
three-staqe,  staqqer-damped  triple  qlves  the  lonqest  delay 
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NEW  CINCH 


HINGE  CONNECTORS 


PLUG  AND  SOCKET 
SHOWING  CONTACT 
ARRANGEMENT 

Poltnt  Panding 

Th*  lop  toclion  of  Iho  lock  fits  into  a 
slot  in  Iho  lop  of  Iho  cop  forming  a 
porfotl  lock  which  cannot  bo  occidonl- 
ly  oponod,  as  shown  bolow.  Lifting  up 
lop  soclion  roloasos  same  prior  to 
unlocking. 


Sockol  with  Lock 


Code  No 

Contacts 

Dimensions 
Mtg.  Centers 

Overoll 

244U 

20 

1.373 

1.730 

244M 

30 

1.012 

2.ir 

244M 

40 

2.230 

2.023 

24403 

SO 

2.007 

3.002 

24401 

00 

3.123 

3.300 

24407 

70 

3.302 

3.sr 

24400 

SO 

4.000 

4.373 

244N 

00 

4.430 

4.012 

24300 

100 

4.073 

3.230 

Plugs 

wllheui  Lock- 

— Malee  with  abave 

Code  No 

Contacts 

Dimensions 
Mtg  Centers 

Overall 

24S0I 

20 

1.373 

1.730 

24302 

30 

1.012 

2.IS7 

24303 

40 

2.230 

2.023 

34304 

SO 

2.007 

3.002 

24303 

00 

3.123 

3.300 

24300 

70 

3.302 

3.037 

24307 

00 

4.000 

4.373 

24300 

00 

4.430 

4.012 

24300 

100 

4.r3 

3.230 

Sockol  without  Lock 
Dimon-.  ns 


Code  No. 

Contacts 

Mtg  Centers 

Overall 

24404 

20 

1.373 

1.750 

2440S 

30 

1.012 

2.187 

24400 

40 

2.230 

2.62S 

244r 

so 

2.007 

3.026 

24400 

80 

3.125 

3.500 

24400 

70 

3.302 

3.937 

24413 

00 

4.000 

4.37S 

24400 

SO 

4.430 

4.812 

24401 

iOO 

4.073 

3.250 

Plug  with  Lock— 

-Mateo  with  above 

Dimensions 

Code  No 

Contacts 

Mtg  Centers 

Overall 

24470 

20 

1.375 

1.750 

24477 

30 

1.012 

2.ir 

34470 

40 

2.250 

2.025 

24470 

50 

2.M7 

3.026 

24400 

SO 

3.125 

3.500 

24401 

70 

3.562 

3.037 

24412 

00 

4.000 

4.375 

24402 

00 

4.430 

4.012 

24403 

100 

4.875 

5.250 

INSURE  POSITIVE  CONTACT; 
HAVE  SIMPLE  LOCKING  DEVICE, 
EASY  RELEASE.  MAXIMUM 
NUMBER  OF  CONTACTS 
IN  MINIMUM  SPACE 


The  plug  and  socket  units  of  the  "H"  Series 
ore  easily  engaged  with  normal  pressure  and 
the  lock  holds  them  securely  together.  Re¬ 
leasing  the  lock  the  units  separate  by  the 
spring  action  of  the  contacts.  A  simple  lock¬ 
ing  device  insures  positive  contact.  Wiping 
contact  action  keeps  contacts  clean  at  all 
times.  Either  the  plug  or  socket  body  fit  into 
the  cap.  Cable  entrance  hole  can  be  placed 
at  the  one  end,  or  in  the  top,  or  both.  Cover 
is  finished  in  black  wrinkle  and  the  cable 
clamps  are  cadmium  plated.  Contact  tails 
will  take  either  conventional  solder  wiring  or 
AMP  "78”  series  Taper  Tab  receptacles. 


The  plug  or  socket  bodies  con  be  ordered  from  the 
code  numbers  listed.  The  one  that  is  attached  to  the 
chassis  should  hove  the  lock  attached.  If  on  insulating 
liner  is  required  in  the  cover,  suffix  I  should  be  added 
to  the  Code  Number. 

The  cop  is  ordered  according  to  the  number  of  con¬ 
tacts  required.  Then  the  letter  I  designating  the  liner. 
The  letter  giving  hole  size  follows.  Then  the  letter 


indicating  the  locotlon  of  the  hole;  either  T  for  top. 


50  CONTACT  ASSEMBLY 
WITH  CABLE  CLAMP 


Elecirical  Ratiag 

Volts 
ACRMS  DC 

A^aceet  Terasiaele .  MO  1300 

le  Greund  .  1400  2000 


Cape 

ior  Plugs 

or  Sockets 

without 

Locks 

Code 

Mtg 

No 

Contacts 

Hole  Size 

Ctrs 

Overall 

24537 

20 

A  or  B 

1.373 

1.730 

24530 

20 

A  •  er  C 

I.SI2 

2.107 

24530 

40 

B  er  C 

2.230 

2.025 

24540 

30 

B  er  C 

2.M7 

3.062 

24541 

60 

B  C  er  D 

3.123 

3.500 

24543 

70 

B  C  er  D 

3.362 

3.837 

74343 

00 

B  C  er  D 

4.000 

4.375 

24344 

so 

C  D  er  C 

4.437 

4.012 

24343 

100 

C  D  or  E 

4.073 

5.250 

Cop  Hole  SUe 

Coble  Clamp 

Sis# 

Letter  Dimension 

A  W  Olo.  Small 

I  Small 

C  13/ IS  X  I  Medium 

0  13/ IS  X  I Medium 

E  13/IS  X  l-n/IS"  Large 


Components  shewn 
reduced  in  site 


or  E  for  end,  and  if  o  coble  clomp  is  required,  the 
letter  C  Is  added. 

For  example.  If  a  50  contact  unit  is  required  with 
cover,  having  o  hole  in  the  lop  with  a  coble  clomp 
and  liner,  the  code  would  be  24540-LBTC.  The  chossis 
socket  would  be  24495  ond  the  plug  for  the  cop  24504. 

The  Cinch  "H"  series  is  mode  in  20  to  100  contacts, 
in  multiples  of  10  contacts. 

Centrally  lacoted  plants  at 
Chicaga.  Illinois; 
Shelbyvilie,  Indiana; 
La  Puente.  California; 


Current  Rating  .  4.3  Amperes 

Contact  Resistance  rated  current  0  .020  ohms 

Insulation  Resistance  . .  1000  megohms 

Capacitance  ediocent  contacts . . .  .73  MMF 


CINCH  MANUFACTURING  CORPORATION 

1026  South  Homan  Ave.,  Chicago  24,  Illinois 

Subsidiary  of  United-Corr  Fastener  Cerperetien,  Cambridge.  Mass. 
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ELECTRONS  AT  WORK 


Radiometer  Studies  Atmosphere 


Radio  astronomy  techniques  were 
used  to  measure  atmospheric  ab¬ 
sorption,  refraction  and  scintilla¬ 
tion  at  4,700  me  (C  band).  The  sun 
served  as  the  source  of  r-f  energy. 
The  measurements  were  made  with 
a  comparison-type  radiometer  us¬ 
ing  traveling-wave  tubes  in  a  trf 
receiver,  instead  of  a  superhetero¬ 
dyne  circuit. 

The  three-stage  traveling-wave 
amplifier  used  in  the  system,  shown 
in  Fig.  1,  has  a  center  frequency  of 
4,700  me.  An  800-mc  bandwidth 
filter  and  a  detector  follow  the  trf 
sections. 

A  30-cps  mechanical  chopper 
switches  between  the  antenna  and 
the  300-degree  K  black-body 
matched-load  signal.  A  16-db  noise 
tube  and  suitable  precision  attenu¬ 
ator  are  used  to  check  system  op¬ 
eration  and  furnish  temperature 
calibration  for  signals. 

Output  from  the  filter  and  syn¬ 
chronous  detector  is  fed  through 
the  integrator  unit  to  a  recording 
milliammeter  with  a  0.5-sec  time 
constant. 

The  basic  advantage  of  the 
traveling-wave  tube  radiometer  lies 
in  its  wide  band.  The  wider  band 
increases  sensitivity  of  this  system. 


since  minimum  detectable  signal  is 
inversely  proportional  to  the  square 
root  of  bandwidth.  Therefore,  the 
sensitivity  of  this  unit  is  five  times 
that  of  the  10-mc  superheterodyne 
(actually,  an  effective  20  me  in  this 
receiver,  since  both  sidebands  are 
used  in  the  superheterodyne). 

In  initial  equipment  tests  in 
1955,  this  system  was  found  neces¬ 
sary  because,  without  the  compari¬ 
son  feature,  long-term  drift  was 
considerable.  In  the  tests  made 
with  the  traveling-wave  tube  radi¬ 
ometer,  a  peak-to-peak  noise  power 
fluctuation  of  the  equipment  cor¬ 
responded  to  temperature  changes 
of  about  one  degree  K  for  a  re¬ 
sponse  time  of  4  sec.  This  com¬ 
pares  with  about  5  degrees  K  for  a 
superheterodyne  radiometer  hav¬ 
ing  the  same  noise  figure  and  re¬ 
sponse  time.  When  the  gain  stabil¬ 
ization  feature  (signal  chopper  and 
synchronous  detector)  are  deacti¬ 
vated,  long-term  drift  becomes 
severe,  but  the  system  maintains 
its  short-term  sensitivity. 

Results  of  the  refraction  experi¬ 
ments  indicate  that  average  refrac¬ 
tion  is  the  same  in  the  microwave 
region  as  in  the  optical  region. 
However,  results  indicate  that  dur¬ 


Point-to-Point  Communications 


Extremely  narrow  eky  path  minimixes  possibility  of  interception  of  new  communicotions 
gear.  Raytheon  produced  system  being  operated  by  Marine  Corps  unit  has  40-mlle 
effectiTs  range 


ing  a  particular  day,  there  might 
be  considerable  fluctuation  about 
this  average. 

Amplitude  scintillations  detected 
with  the  antenna  at  a  low  angle  are 
always  present  and  can  be  of  large 
amplitude  with  longer  periods  pre¬ 
vailing.  At  higher  angles,  the  fluc¬ 
tuations  are  probably  solar  in 
origin  and  are  of  short  period  and 
small  amplitude.  While  the  origin 
of  the  scintillations  is  probably 
meteorological,  no  correlation  of 
scintillation  amplitude  at  low 
angles  and  commonly  measured 
meteorological  parameters  was 
noted. 

The  ab.sorption  measurements 
yield  a  value  of  0.00348  db/km. 

This  material  was  abstracted 
from  “Absorption,  Refraction  and 
Scintillation  Measurements  at 
4,700  Me  with  a  Traveling-Wave 
•Tube  Radiometer”  by  John  P. 
('astelli,  Jules  Aarons,  Carl  Perioli 
and  Joseph  Casey  of  the  Air  Force 
Cambridge  Research  Center. 


Auto  Tachometer 
Uses  Transistor 

By  JAMES  COWAN 

Radaon  EhiRtneerlng  Corp.,  Macon,  III. 

Design  of  an  accurate  electronic 
tachometer  for  automobiles  in¬ 
volves  several  factors.  Primary 
considerations  include  final  size, 
ease  of  installation  and,  since  the 
field  is  quite  competitive,  retail 
price. 

In  the  transistorized  tachometer 
described  here,  the  vehicle  battery 
was  to  be  used,  rather  than  a  sepa¬ 
rate  source  of  power.  This  created 
a  problem,  in  that  voltage  in  auto¬ 
mobile  electrical  systems  varies  as 
much  as  ±3  volts,  because  of  motor 
speed  and  voltage-regulator  set- 
ing. 

A  con.stant  supply  voltage  was 
obtained  in  the  tachometer  shown 
in  Fig.  1  by  using  a  zener  diode, 
D„  from  the  transistor  collector  to 
ground.  This  is  an  inexpensive  yet 
effective  way  of  eliminating  an  in¬ 
ternal  voltage  source,  such  as  is 
used  in  several  other  types  of  auto¬ 
mobile  tachometers. 

The  ignition  waveform  is  used  as 
a  means  of  triggering  the  circuit. 
This  waveform  is  rectified  by  diode 
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TUNG-SOL  POWER  TRANSISTORS  IMPROVED 
THREE  WAYS  BY: 


WEW 


Tiinp-Sol’s  new  true  eold-weM  seal  represents  a  major 
advatue  in  transistor  technolopy.  An  exelusive 
Tiinp-S«d  dcvelopmer.t,  r«dd-weld  sealinp  inereases 
'lO-d  outline  paekape  effieieney  and  brinps  desipners  a 
threefold  bonus  in  over-all  transistor  performance. 

linpro%rd  lliernial  qualities.  The  cold-weld  process 
produces  a  hernietic,  copper- to-copper  seal  and  makes 
possible  a  lOC/c  copper  transistor  with  thermal  prop¬ 
erties  superior  to  previous  high  power  t\pes. 

Improved  reliability.  Cold-weld  encapsulation  elimi¬ 
nates  heat  damape,  “splash”,  and  heat-caused  moisture 
that  can  impair  transistor  performance. 


I.onper  eflieienl  life.  Even  throuph  temperature  fluctu¬ 
ations  that  cause  “hreathinp”,  the  cold-weld  seal  stays 
vacuum-tipht,  moisture-proof — result  of  actual  integra¬ 
tion  of  the  copper  molecules  during  sealing. 

Tunp-Sol  power  switches  with  the  new  cold-weld  seal 
w  ithstand  the  most  rigid  combination  of  tests  given  any 
transistor — the  100  psi  “bomb”  immersion  test  and  the 
critically  sensitive  Mass  Spectrometer  leak  test.  Fur¬ 
ther,  they  meet  all  military  environmental  require¬ 
ments.  For  full  data  on  the  improved  Tunp-Sol  types 
...  to  fdl  any  transistor  need,  contact:  Semiconductor 
Division,  Tung-Sol  Electric  Inc.,  Newark  4,  New  Jersey. 


THESE  TUNG-SCH  HIGH  POWER  (TO-3  OUTLINE) 
TRANSISTORS  FEATURE  THE  NEW,  COLD-WELD  SEAL 


IMPROVED  SPECIFICATIONS  OF  TUNG-SOL 
COLD-WELDED  HIGH  POWER  TRANSISTORS. 


Type 


2N378 

2N379 

2N380 

2N459 


BVCES 

(VII- -1-1.  Ov) 
Volf*  (Min) 
-40 
-80 
-60 
-105 


BVCEO 
(ll-O) 
Volt*  (Min) 
-20 
—  40 
-30 
-60 


hFE 

(IC-1.0  A) 

50 

50 

70 

50 


Collector  Dissipation  @  25‘’C*...50  Wott*  | 

Collector  Dissipation  @  55°C*...25  Watts  ' 

Thermal  Resistance . 1.2°  C/Watt  Maul 

ICIO  VCB  =  — 25v  T  =  25°C...0.5  Ma  Max. 

ICBO  @  VCI  =  — 25v  T  =  85''C...7.5  Ma  Max. 

Storage  Temperature . —  55  to -)-100°C  • 


*Movnliflg  boM  ftmptrofvr* 


TUNG-SOL 
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D,  and  applied  to  the  base  of  tran¬ 
sistor  Q,. 

The  waveform  produced  by  auto¬ 
mobiles  made  by  different  manu¬ 
facturers  varies  because  of  differ¬ 
ences  in  point  and  spark-plug  gap 
setting.  Rapid  acceleration  also 
alters  the  waveform.  Because  of 
these  differences  and  the  large 
number  of  transients  in  these 
waveforms,  resistors  i2,  and  Rj  and 
capacitor  Ci  are  used  in  the  tran¬ 
sistor  base  circuit  to  filter  the 
waveform. 


FIG.  1 — Simple  tachometer  circuit  uses 
zener  diode  to  compensate  Tariations 
in  Tehicle  12-Tolt  system 


Compact  printed-circuit  package  makes 
single-unit  auto  tachometer  possible 


The  positive  pul.se  triggers  tran¬ 
sistor  (?„  charging  capacitor  C, 
through  the  meter.  Pulse  repetition 
rate  determines  the  amount  of  cur¬ 
rent  through  the  meter.  Capacitor 
C,  discharges  through  diode  D,. 

The  meter  is  calibrated  in  revolu¬ 
tions  per  minute,  and  final  adjust¬ 
ment  is  made  by  resistor  /?,.  Thei 
meter  covers  the  range  from  zero 
to  6,000  rpm. 

The  entire  tachometer  is  housed 
in  a  single  unit.  A  printed  circuit 
is  used  to  save  space  and  to  speed 
assembly. 

Only  two  electrical  connections 
are  required  to  in.stall  the  tach- 
chometer,  which  has  been  designed 
for  8-cylinder  autombiles  having 
12-volt  ignition  systems. 


Shot  Counter  Uses  Strobotron 


Bv  RONALD  L.  IVES  Palo  Alto,  Calif. 

During  testing  of  some  new  bal¬ 
listic  equipment,  need  arose  for  a 
portable,  self-contained,  self-pow¬ 
ered  shot  and  blast  counter.  The 
unit  was  required  to  be  roughly 
directional,  sensitive  only  to  loud 
noises  and  made  only  of  standard, 
easily  obtained  parts.  A  low-cost 
sensor  was  also  desirable,  because 
of  the  probability  of  destruction 
during  tests. 

These  objectives  were  attained 
by  using  a  cheap  p-m  speaker  as  a 
pickup,  a  single  stage  of  amplifica¬ 
tion  using  a  1U4,  a  1D21  strobotron 
counter  actuator  and  an  electro¬ 
magnetic  counter.  The  circuit  is 
shown  in  Fig.  1. 

Tests  show  that  the  cone  of  ad¬ 
mittance  of  the  p-m  speaker  has  an 
included  angle  of  about  60  degrees, 
with  sensitivity  falling  off  rapidly 


outside  this  zone. 

Pulses  produced  when  a  shock 
wave  hits  the  speaker  are  stepped 
up  in  voltage  by  a  small  line-to- 
grid  transformer.  In  the  secondary 
circuit,  positive  pulses  are  dumped 
by  a  germanium  diode,  and  negative 
pulses  go  to  the  grid  of  the  1U4 
amplifier.  Although  the  circuit  will 
work  with  either  speaker  polarity, 
best  operation  is  secured  if  the  first 
shock  wave  produces  a  negative 
pulse  on  the  1U4  grid. 

The  plate  of  the  1U4  is  connected 
to  the  inner  grid  of  the  strobotron 
directly  and  the  B-l-  through  a  high 
resi.stance,  producing  the  well- 
known  draw-down  circuit.  When 
input  is  quie.scent,  the  grid  of  the 
1U4  is  approximately  at  ground 
potential;  the  plate  of  this  tube  and 
the  grid  of  the  strobotron  are  at  a 


very  low  potential  < about  10  volts). 
Therefore,  the  strobotron  does  not 
fire. 

When  a  shock  wave  impinges  on 
the  sensor,  the  grid  of  the  1U4  is 
driven  negative,  cutting  the  tube 
off,  and  plate  potential  ri.ses  to  ap¬ 
proximately  i:55  volts.  The  control 
grid  of  the  strobotron,  which  is 
directly  connected  to  the  1U4  plate, 
also  rises  toward  135  volts,  firing 
the  tube. 

The  plate  circuit  of  the  strobo¬ 
tron  is  the  familiar  dumper  circuit, 
apparently  first  de.scribed  by  Ger- 
meshau.sen  and  Kdgerton  (see  elec¬ 
tronics,  Feb.  1937,  p  12).  Here,  the 
firing  of  the  tube  dumps  the  charge 
on  the  2-microfarad  capacitor  from 
plate  to  ground,  and  because  of  the 
high  series  impedance  (counter  plus 
resi.stor),  starves  itself  out.  Re¬ 
charge  of  the  capacitor,  after  tube 
extinction,  operates  the  electro¬ 
mechanical  counter. 

Sensitivity  of  the  circuit  to 
.speaker  vibratiwns  and  reverbera¬ 
tions  is  reduced  by  a  small  capacitor 
shunted  from  the  plate  of  the 
strobotrcn  to  the  screen  of  the  1U4. 
This  capacitor,  when  the  strobotron 
fires,  draws  down  the  screen  voltage 
of  the  1U4  momentarily,  desensitiz¬ 
ing  the  input  amplifier.  Exact  value 
of  this  capacitor  depends  upon  the 
properties  of  the  speaker  u.sed  as  a 
.sen.sor.  This  capacitor  also  lowers 
the  frequency  of  operation  of  the 
system  appreciably. 

With  no  plate-screen  feedback, 
dependable  operation  can  be  ex¬ 
pected  at  rates  up  to  4()/aec,  suffi¬ 
cient  for  most  automatic  weapons 
fire.  With  a  0.1-microfarad  capaci¬ 
tor,  maximum  operating  frequency 
is  reduced  to  about  5/sec. 

A  twisted  pair  is  suitable  for  con¬ 
necting  the  sensor  to  the  circuit  at 
distances  le.ss  than  10  ft.  From  10 
to  250  ft,  however,  a  shielded  pair 
should  be  used. 

When  the  equipment  is  energized. 


FIG.  1 — P-m  tpaaktr  funcllont  oa  tanior 
in  Mli-conloinad  shot  ond  blail  coualar 
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KEEP  UP-TO-DATE  ON  MAGNETICS 


GUARANTEED  TO  WITHSTAND  1,000  VOLTS! 

GVB- finished  tape  wound  core  boxes  drop  your  production  costs 


W’e  have  dcvclnpetl  a  radical  new  finish  for  aluminiiin  Ixixes 
for  tape  wound  tores.  Your  prcKiuttion  department  will  )>low 
with  delight,  for  wc  Ktiarantec  this  finish  to  withstand  l.(HM) 
\olts  (at  60  cycles)  without  taping! 

(.VB,  for  Guaranteed  Voltage  Breakdown  (limits) ,  is  what 
we  tall  this  new  finish.  It  is  perfectly  matched  to  our  alu 
minum  core  boxes,  for  it  will  withstand  temperatures  from 
-70*F  to  l!j()*K.  Potting  tethnitpies  need  not  change,  lor 
(A'B-hnish  lives  happily  with  standard  potting  compounds. 

By  eliminating  the  need  for  taping  the  core  Ixtx,  you 
also  eliminate  a  time  consuming  pnxluction  step.  By  com¬ 
bining  (iVB  finish  with  our  aluminum  tore  Ikix,  we  axsiire 
you  a  core  capable  of  being  vacuum  impregnated  down  to 
20  mm.  of  mercury. 

And  they  are  Performance-Guaranteed!  Like  all  tape 
wound  cores  from  Magnetics,  Inc.,  aluminum-lroxed  or  phe- 
nolic-boxed.  you  buy  them  with  performance  guaranteed  to 


published  limits.  I'he  maximum  and  minimum  limits  are  for 
B,,,.  B,/B,„.  H,  and  gain.  This  data  is  published  for  one,  two, 
four  and  six  mil  Orthonol*  and  Hy  Mu  80  tape  cores. 

CiVB  finished  cores  are  ready  for  you  now.  So  are  the  pub¬ 
lished  limits  for  all  Magnetics,  Inc.  tape  wound  cores.  Write 
tixlay  for  more  CiVB  details,  and  for  your  copy  of  the  guar¬ 
anteed  performance  limits:  Dept.  E-31,  Magnetics.  Inc., 
Butler,  Pennsylvania. 


mHanericsinc. 
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NEW 

I'  electronically 

'■■■  ■  controlled.,^ 


TOROIDAL 


WINDER 


TW  300 


n 

faster  production  at  lower  cost 
speeds  up  to  2000  turns  per  minute 
4-digtt,  2-  or  7- position  predetermined 
turns  counting 


The  entirely  NEW  electronic 
system  of  the  TW  300  pro¬ 
vides  unmatched  features  in  a 
toroidal  winder  .  .  .  prox¬ 
imity  pick-up  for  use  with  any 
size  wire  without  physical  con¬ 
tact  .  .  .  1 009^5  accurate  turns 
counting  .  .  .  controlled  slow- 
start,  slow-stop  driving  motor 
. .  .  automatic  segmental  wind¬ 
ing  with  perfect  repeatability 
.  .  .  progressive  winding  of 
segments  or  continuous  coils 
in  cither  direction. 


switch  A  should  be  closed  before 
switch  B. 

With  rather  obvious  alternative 
or  additional  circuitry,  this  shot 
counter  can  be  used  to  control  a 
clock  or  chemical  sampler  in  re¬ 
sponse  to  a  blast.  It  might  even  be 
used  to  operate  a  robot  sentry, 
which  fires  a  short  burst  from  a 
machine  gun  whenever  other  weap¬ 
ons  are  fired  toward  it,  within  the 
acceptance  cone  of  the  sensor,  and 
not  more  than  about  250  ft  distant. 

Addition  of  a  .seetmd  stage  of  am¬ 
plification  is,  of  course,  entirely  pos¬ 
sible.  This  makes  the  instrument 
responsive  to  the  passage  of  air¬ 
craft  overhead,  to  noisy  automobile 
engines  and  even  to  children  on 
roller  skates. 


Semiconductors  Provide 
Analog  Voltage  Source 

Itv  K.  R.  JAMKS  nexlK'i  KiiKinviT. 
.Motorola,  Inc.,  Riverside,  Calif. 

Variable  power  supplies  are  one  of 
the  most  frequently  used  pieces  of 
laboratory  equipment. 

Although  many  power  supplies 
are  available  on  the  market,  their 
size  and  co.st  often  limit  their  ap¬ 
plications.  Some  lack  precision  con¬ 
trol  of  the  voltage  output.  Batteries 
also  have  disadvantages  such  as 
poor  regulation  and  short  life. 

The  power  supply  described  over¬ 
comes  many  of  the  disadvantages 
of  commercial  supplies  and  bat¬ 
teries.  It  is  compact,  has  low  drift 
and  ripple,  is  easily  calibrated. 

Although  this  supply  was  de- 


Thc  TW  300,  designed  for  easy  servicing  and  maintenance, 
cuts  production  time  and  operator  fatigue  to  the  bone.  Flexi¬ 
bility  in  production  of  new  coil  types  with  superior  electrical 
characteristics  is  unlimited  because  of  the  new  control  system 
with  automatic  winding  features.  This  machine  is  a  significant 
advance  toward  complete  automation  of  toroidal  winding. 

See  us  at  the  WESCON  Show  — Booth  108,  Pavilion  1 


You  get  the  BEST  jrom  BOESCH 


BOESCH  MANUFACTURING 
COMPANY,  INCORPORATED 


KOESCH  DANBURY,  CONNECTICUT 


(A)  Compact  packaging  add*  to  usolul- 
n***  oi  ▼•raatllo  Tollago  aourco 
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HERE’S  WHY 
SO  MANY 
ENGINEERS 
SPECIFY 
P&B's 
MH  RELAY* 


•and  variations  of  this  basic  structure  sho>vn  below 


Shown  with  printed 
circuit  terminals 


ENGINEERING  DATA/MH  RELAY 


VERSATILITY 


and  adaptability 


are  prime  reasons  why  designers  have  made 
the  MH  a  P&B  beat  seller.  This  relay  scries, 
for  example,  does  yeoman  duty  in  such  diverse 
applications  as  jet  aircraft,  street  lighting 
equipment,  computers  and  missile  ground 
controls. 

When  multiple  switching  is  required , . .  when 
size,  weight,  long  life  and  reliability  are  critical 
...our  MH  relay  can  usually  fill  the  bill.  It’s 
HIGHT  for  countless  jobs,  often  at  countable 
savings. 

I.,ct  us  send  you  complete  information  about 
this  miniature  telephone- type  relay  and  the 
variations  we’ve  evolved  for  special  applica¬ 
tions.  Write  or  call  today. 


aiuucf  Kou 


Intulalion:  Laminated  phenalic. 

Insulation  Resistance:  100  meg¬ 
ohms  minimum. 

Breakdown  Voltage:  500  volts 
RMS  between  all  elements. 

Shock:  Up  to  30g. 

Vibration:  Up  to  lOg  from  55  to 
500  cps.;  .065'  max.  excur¬ 
sions  from  1 0  to  55  cps. 

Ansbient  Temperature:  —  45°C. 
to  -f-85’C.  -(65‘’C.  to 
-f  125''C.  on  special  order). 

Weight:  2'A  oz.  max. (open  relay) 

Pull-In:  Approx.  75%  of  nominol 
voltage. 

Pull-In  Speed:  Approx.  15  ms. 

Drop-Out  Speed:  Approx.  10  ms. 

Terminals:  Pierced  solder  lugs; 
special  lugs  for  printed  circuits, 
taper  tab  (AMP  #78). 


CONTACTS: 

Arrangements:  Up  to  9  springs 
per  stack. 

Material:  Vt’  silver;  also  Palla¬ 
dium  or  gold  alloy. 

Load:  Dry  circuits  to  5  amps 
@  1 1 5V  AC  resistive. 

COILS: 

Resistance:  22,000  ohms  max. 

Power:  100  milliwatts  per  mov¬ 
able  minimum  to  4  watts  at 
25°C.  max.  (200  mw.  min.  to 
meet  max.  shock/vibration 
spec.) 

Duty:  DC:  Continuous.  AC:  Inter¬ 
mittent  (2  pole  relay  max.) 

Voltages:  DC:  Up  to  1 10  volts. 
AC:  Up  to  230  V.  60  cycles. 

Current:  2.5  mo  to  10  amps  DC. 


PAB  STANDARD  RELAYS  AVAILABLE  AT  YOUR  LOCAL  ELECTRONIC  PARTS  DISTRIBUTOR 


MC  FOR  RF  SWITCHING 
For  RF  twitching  wh«r«  Intorcontoct 
copocitonco  lottot  mvtf  bo  minimiiod. 
Coromk  contact  tpocort. 


MA  LATCHING 

Floctrkal  lotcbj  mochontcol  rotot.  SmoN, 
Yortotilo  and  oHorod  with  toloction  of 
contoct  orrongomonH. 


MB  CONTACTOR 

Contacts  rated  60  anp.  38  volts  DC 
non-inductive.  Will  carry  I  30  amp.  surge 
tor  o  duration  of  0.3  seconds. 


' 

MH  StAL-TEMP 

Footurot  Molod  coil  to  minimiio  contoct 
contaminotion.  Avotloblo  os  honnoHcoHy 
toolod  roloy  only. 


P(§)W[1[^  D[K](g 

FRINCKTON,  INDIANA  e  SUBSIDIARY  OF  AMERICAN  MACHINB  A  FOUNDRY  COMFANY 


mm 


Miniature  Hermetically 
Sealed  Relays 

The  reliability  of  this  relay  under 
severe  conditions  of  vibration  and  shock 
has  been  field-proven  in  many  appli¬ 
cations.  It  is  another  example  of  how 
R-B-M’s  production  maturity  and 
complete  facilities  can  eliminate  many 
of  your  engineering  problems. 


BHSM  and  BHSM  HT  TYPES 


Consult  your  local  RBM  Product  Application  Engineer 


or  write  for  Bulletin  BHSM-1. 
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IK  IK  560 


FIG.  1-  Silicon  transUtor  In  precUlon 
voltaq*  sourco  laolatoi  control  potontl- 
omelor  irom  output  currant 

.siKned  a.**  an  analog  voltaKe  .source 
for  computer  circuits,  it  may  be 
u.sed  in  many  other  applications. 
In  addition,  modifications  requir- 
injf  less  co.stly  parts  are  possible 
where  performance  is  not  so  criti¬ 
cal. 


Circuit  Description 

The  circuit  may  be  considered  in 
two  discrete  parts — voltage  supply 
and  control  element.  The  complete 
circuit  is  shown  in  Fit?.  1.  The  volt- 
af?e  supply  is  a  bridge  rectifier  with 
r-c  filterint?  that  reduces  ripple  suffi¬ 
ciently  for  a  low-voltage,  low-cur¬ 
rent  device.  Zener  diodes  provide 
g<M>d  regulation. 

The  control  unit  uses  a  transistor 
in  the  grounded-collector  configura¬ 
tion.  This  arrangement  .serves  a 
twofold  purpo.se.  It  improves  line¬ 
arity  of  the  control  potentiometer 
by  les.sening  loading  effects,  and  it 
i.solates  the  output  current  from  the 
precision  ptdentiometer.  The  latter 
feature  protects  the  potentiometer 
from  accidental  burnout  from  ex- 
ce.ss  current  drain. 

Output  impedance  of  the  emitter 
follower  for  the  voltage  range  con¬ 
sidered  is 


In  the  pre.sent  application  r,  is 
about  HO  ohms,  which  makes  R,>> 
r,.  Therefore,  the  above  expression 
can  be  simplified  to 

r.  «  r,  -h  W,  ( 1  —  artl 
Before  evaluating  this  expre.ssion. 
it  is  nece.ssary  to  determine  r,  as 
a  function  of  voltage  out. 

./  V».  kT/q  0.02li 

■  ill.  “  ■  /.  “  ~T. 


Since  a,j  is  0.96  for  the  transistor 
u.sed  in  the  circuit,  output  imped¬ 
ance  expressed  in  measurable 
<iuantities  is 

‘'I  in 

r.-  +0.m/f. 

A  plot  of  this  expression  is  shown 
in  Fig.  2. 

From  the  graph  (Fig.  2),  it  can 
be  seen  that  the  impedance  varies 
from  400  to  800  ohms  in  the  10- 
volt  setting  and  from  about  200  to 
800  ohms  in  the  20-volt  setting. 
However,  restricting  the  use  of  the 
20- volt  .setting  for  voltages  from  10 
to  20  volts,  the  impedance  of  the 
source  can  be  considered  as  600 
ohms  nominally. 


Accurate  calibration  is  provided 
by  a  ten-turn  0.1-percent  potenti¬ 
ometer  with  a  ten-turn  dial.  A 
calibration  curve  is  shown  in  F'ig. 
3.  After  four  hours,  a  similar  curve 
was  within  0.2  percent  of  the  orig¬ 
inal  calibration.  A  drift  curve  is 
shown  in  Fig.  4.  After  one  hour, 
the  drift  rate  is  5  millivolts  per 
hour.  Ripple  is  less  than  5  mv. 

Circuit  Variations 

The  voltage  source  di.scussed  was 
designed  to  meet  a  special  need — 
that  of  a  highly  accurate,  stable 
.source.  Because  of  this,  a  silicon 
transistor  and  two  zener  diodes 
were  u.sed  to  maintain  stability 
over  a  wide  voltage  range.  If  maxi¬ 
mum  stability  were  not  the  major 
factor,  a  considerable  reduction  in 
cost  could  be  effected  by  using  a 


FIG.  2 — Output  linp«danc*  ai  a  iunctlon 
oi  output  Toltaq*  In  shown  lor  10  and 
20-Tolt  ssttlnqs 


They  can  b«  your  design  assistants 
on  other  Essex  Engineered  Products. 


WIRE  AND  CABLE 

A  Compl«f«  lift#  of  opplianc#  wiring  motprial, 
radio,  tplaviiion  ond  •loctronlc  hooli>vp  wira. 
200^  C  High  tamppratvra  StI-X  wiro.  automotiva 
wlrat  ond  coblot,  and  floxiblo  cordt. 

Wiro  ond  Coblo  DW.*  Ff.  Wayno,  Ind.  I 


COILED  CORD$~CORDSETS 

Prim*  ftovreo  for  ploitk  and  rubbar  powar 
supply  cords.  Tarminotions  of  oil  typos  (moldod 
plastic  and  rubbor)  with  inftnito  dotign  possibiU 
itioi.  Cempioto  lino  of  Coilod  Cords 
including  HPN. 

Wrtfo  for  Coil  Cords  liforofuro 
Cords  llmitod  Division,  DoKolb.  III. 


TYPE 

MS 

RELAY 


A  low  cost,  ipoco  saving  linglo  polo  or  common 
multipio  contoct  D.C.  unit.  Highly  rolioblo.  Con 
bo  built  to  withitond  oxtromo  onviron* 
montol  conditions. 

Wrifo  for  Bullofin  MS-3 
R-B-M  Control  Dlv.«  Logonsporl,  Ind. 
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The  world's 
toughest  referee 

...a  count  of  one  and  the  tape  is  OUT! 


4000 


FIG.  3 — Plot  show*  output  Toltaqei  ior 
potontiomotor  Mttingi  on  both  Toltage 
ranqos 
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and  binder  components  are  selected 
for  fineness  of  dispersion  and  nutg- 
netic  properties — then  combined  and 
fed  through  a  micronic  filter  and 
metered  on  the  selected  foil  in  Audio’s 
special  dust-free  precision  coating 
machines.  The  coated  master  rolls 
are  then  selected  for  freedom  from 
imperfections  and  proceed  through 
the  slitting  operation.  Each  ribbon 
is  wiped  after  slitting  to  remove  all 
traces  of  dust,  rim  through  the  de¬ 
fect  counter,  rejects  discarded,  and 
the  defect-free  tape  packed  in  her¬ 
metically  sealed  metal  cans  or  plastic 
cases. 

The  defect  counter  does  its  job  so 
well  that  type  EP  Audiotape  is  guar¬ 
anteed  to  be  defect-free!  For  more 
information  write  for  free  Bulletin 
T112A.  Write  Dept.  TE,  Audio  De¬ 
vices,  Inc.,  444  Madison  Avenue,  New 
York  22,  N.  Y. 


The  machine  above  is  a  xmique  test¬ 
ing  instrument,  designed  by  Audio 
Devices  engineers  and  installed  at 
the  Audiotape  plant  in  Glenbrook, 
Conn.  This  Automatic  Defect  Counter 
records  and  plays  back  every  inch 
of  the  EP  Audiotape  under  ^  test. 

Type  EP  is  the  extra  precision  mag¬ 
netic  recording  tape  for  applications 
in  computing,  automation,  telemeter¬ 
ing  and  seismography.  If  the  tape  fails 
to  record  a  single  test  pulse  out  of  the 
millions  put  on  a  single  reel,  the  en¬ 
tire  reel  is  rejected.  There  are  no  ifs, 
ands  or  buts. 

This  is  one  of  many  special  quality- 
control  operations  to  which  type  EP 
Audiotape  is  subjected.  The  extra 
attention  begins  at  the  raw  material 
stage  where  the  master  rolls  of  base 
materials  are  critically  examined  for 
uniformity  of  gauge,  freedom  from 
stretch,  and  cleanliness.  The  oxide 


FIG.  4 — Drill  rat*  was  S  mv/br  altar 
one  hour 


simple  zener  diode  (eliminating  the 
switching  circuit)  and  a  german¬ 
ium  transistor.  The  transistor  must 
have  a  pow’er  dissipation  suffi¬ 
ciently  great  to  handle  the  load  cur¬ 
rent  at  maximum  voltage. 

Another  variation  is  possible  that 
would  materially  reduce  cost.  This 
is  a  variable  voltage  supply  with 
specified  current  rating.  In  this  ap¬ 
plication,  the  ten-turn  potentiom¬ 
eter  may  be  replaced  by  a  standard 
2-watt  potentiometer.  The  transis¬ 
tor  could  be  a  low-cost  power  tran¬ 
sistor.  For  currents  in  excess  of 
20  ma,  the  resistor  in  series  with 
the  zener  diode  will  have  to  be 
chosen  so  that  at  maximum  current 
drain,  there  would  be  sufficient  cur¬ 
rent  through  the  zener  to  keep  it  in 
its  regulatory  region.  Chokes  in 
the  filter  circuit  would  be  adjust¬ 
able  at  higher  currents  to  decrease 
d-c  resistance. 


AUDIO  DEVICES,  INC., 

444  Madison  Avo.,  N.  Y.  22,  N.  Y. 
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CIRCUIT 


.  .  .  with  reliable  T/l  silicon  transistors 

New  improved  TI  2N337  and  2N338  specifications  NEW  IMPROVED  SPECIFICATIONS  FOR  2N337  AND  2N338 
provide  greater  design  flexibility  for  your  switching 
circuits  .  .  .  nuclear  counters  .  .  .  pre-amplifiers  .  .  . 

RF  amplifiers  . .  .  455  KC  IF  amplifiers  . . .  and  many 
other  high  frequency  applications. 

You  get  high  gain  at  low  current  levels  with  TI  dif¬ 
fused  silicon  transistors.  High  alpha  cutoff  ...  10  me 
min  for  2N337,  20  me  min  for  2N338  .  .  .  and  ex¬ 
tremely  low  collector  capacitance  assure  optimum 
performance  in  your  switching  and  high  frequency 
amplifier  applications. 

dtsign  cluracttrittics  at  25°  C  ambiant  (nctpl  vliwt  tttmrti  ItflifcoliKn  are  indruted) 


Consider  TI’s  guaranteed  specifications  when  you  se¬ 
lect  semiconductor  devices  for  your  next  transistor 
circuit. 


2N338- 

dtsign 

etnttr 


Coiltetor  Cutoff  Current 
at  1S0°C 

Breakdown  Voltage 
Breakdown  Voltage 
Input  Impedance 
Output  Admittance 
FeedbKk  Voltage  Ratio 
Current  Transfer  Ratio 
DC  Beta 

Frequency  Cutoff 
Collector  Capacitance* 
Saturation  Resistancet 
Current  Transfer  Ratio 
Rise  time) 

Stora^  Time 
Fall  time 


*  Musurrd  at  1  me  t  Common  Emitlof 


ImA  for  2N337.  O.SmA  lor  2N338 


from 

to 

BVcbO 

40  V  max 

45  V  max 

Res 

300  u  max 

150  c  max 

hjb 

90  Umax 

80  u  max 

7J//V659  ^ 

7/65903 

COMPONENT  DESIGN 


Small  UHF  Ferrite  Unit  Shifts  Phase  360  Deg 


Small  physical  size  of  phase  shifter  is  erident  here 


Ferrite  devices  capable  of  360-dej? 
phase  shift  in  the  uhf  region  are 
sometimes  too  lossy  and  bulky  to  be 
practical.  But  a  unit  developed  by 
Electronic  Communications,  Inc.. 
Timonium,  Md.,  is  only  6i-in.  long 
and  less  than  one  in.  .square  in 
cross-section.  The  360-deg  phase 
shift  is  accomplished  with  about  one 
db  of  loss. 

Basic  to  the  design  of  the  shifter 
is  a  folded  Stripline  structure  as 
shown  in  Fig.  1.  Each  of  five  layers 
of  Stripline  is  loaded  with  two  0.40 
by  0.05  by  6  in.  strips  of  TT-414 
ferrite  (Trans-Tech,  Inc.),  one  on 
each  side  of  the  center  conductor. 
The  ferrite  is  a  magnesium-man¬ 
ganese-aluminum  combination  w'ith 
a  saturation  magnetization  of  600 
oersteds  and  a  Curie  temperature  of 
about  100  C.  To  provide  continuity 
between  layers,  the  center  conduc¬ 
tor  is  folded.  Total  length  of  fer¬ 
rite  through  which  the  wave  must 
travel  is  32.2  in. 

The  phase  shifter  requires  a 
longitudinal  magnetic  field  of 
enough  intensity  to  place  the  oper¬ 
ating  region  above  resonance.  For 


FIG.  I — Cross-section  of  folded  uhi 
phase  shifter 


the  unit  fabricated,  this  is  supplied 
by  a  12-in.  long,  11-in.  diam  .sole¬ 
noid  into  which  the  phase  shifter 
fits  easily. 

Operating  Characteristics 

Original  range  of  interest  for  the 
unit  was  200  to  600  me  but  charac¬ 
teristics  were  actually  Investigated 
from  two  to  2,000  me.  Figure  2 
shows  results  obtained  at  200,  4()0, 
600  and  800  me.  Table  I  gives  perti¬ 
nent  characteristics  at  each  of  these 


Table  I — Phase-Shiiter  Characteristics  at  Different  Frequencies 


in  nic 

Inst'rtion  loss 
in  (III 

DillVTcnlial 
plin.s«*  shift 
in  (leg 

Magiiefic-lield 
('Imnge  in 
(MTsteds 

\lii\  \swr  ()\(>r 
field  rifnifc 

200 

16 

:160 

220  1,.')(M> 

18 

100 

1 

.160 

1.10-l,2.'>0 

1  1.3 

600 

1.1 

:J60 

62.'.- 1,62.') 

1  .3 

800 

1.1 

;i60 

730  l,6;»0 

I  .3 

FIG.  2 — Phass-shtfisr  characfsristlcs  at 
200,  400.  600  and  800  me 


four  different  frequencies. 

The  phase  shifter  is  a  reciprocal 
device  and  can  be  used  in  both 
transmitting  and  receiving  .sy.stems. 


Miniature  Motor  Has 
Simple  Stator 

A  BOBHIN-WOUND  COIL  and  a  simpli¬ 
fied  stator  designed  by  Dynamic  In- 
.strument,  We.stbury,  N.  Y.  permit 
servo  motor  sizes  as  small  as  0.3  in. 
diameter.  Simplicity  of  the  coil  and 
stator  construction  should  give  a 
production  co.st  le.ss  than  half  that 
of  ordinary  motors. 

The  small  size  is  po.ssible  becau.se 
of  the  low  magnetizing  power 
needed  to  produce  a  suitable  elec¬ 
tromagnetic  field.  Regardless  of 
how  many  poles  there  are  in  the 
motor,  and  disregarding  .stray  leak¬ 
age  flux,  all  of  the  magnetic  field 
lines  per  phase  link  all  of  the  turns 
per  phase. 

The  motor  reaches  full  speed  of 
1,460  rpm  in  0.004  sec  and  can  l>e 
provided  with  a  variety  of  shaft 
extensions,  power  and  voltage  rat¬ 
ings.  It  can  be  wound  for  class-H 
(to  400  F  ambients),  for  transistor 
operation,  as  well  as  other  varieties 
to  suit  special  customer  needs. 
Push-pull  and  high  voltage  types 
(u.sed  for  direct  coupling  to  a  driver 
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I)KSl(jNF',l)  for  AI*I*I.IC4TI()N  ininiaturizr)l  rom- 
poiiriilK  ilrvrloprtl  for  iim*  in  our  own  r«|iiipnirnl  foirh  an 
tlir  ( lwilloM-o|>r,  arr  now  available  for  nrparate 

nale.  Many  of  tbrnr  nartn  are  niinilar,  in  niiMtl  iletailn  except 
nir.e,  to  tlieir  eipiivalentn  in  onr  ntamlanl  rom|M(nent  partn 
jtroiip.  In  certain  <lr\icen  where  complete  niiniainrization 
In  not  parainoiint.  a  coiiiliinalitni  •>(  ntainlanl  anil  minia* 
tnre  coin|»onenln  may  |MMHihlv  lie  iineil  to  aiivanla);e.  For 
con\enience,  we  have  alno  linteil  on  thin  pa(;e  the  ex¬ 
tremely  Hinall  nizeil  coil  formn  from  onr  ntaniiaril  catalog. 


lor  knob  for  %**  ihofl.  Vi**  high  by  %**  long. 

fHtftod  block  plattk  knob  with  broM  intort  lor  tboft. 

Vi**  High  by  %**  diomotor. 

14'^  block  plottic  dial  knob  with  brou  intort  for  Vi**  ihoft. 
H"  diomotor  diol.  High. 

%**  block  pfottic  kn^.  Somo  oi  no.  A007  oacopt  for  ttylo. 
Right  onglo  drivo  for  Vi'*  thoftt.  Singlo  Holo  mownting. 

1'^  bor  diol  for  thoft.  Vi**  High.  1  SO^  or  260^  diolt  for 
dockwito  or  coontor-clockwito  rototion. 

1**  flutod  knob  diol  U>r  Vi"  thoft.  Vi**  high.  Somo  diol  plotos 
at  no.  A01 4. 

\%**  diomotor  fivtod  block  plottic  knob  for  *^**  thoft. 

Knob,  tomo  at  no.  A007  oRcopt  with  H**  diomotor  lUrt* 
Knob,  tomo  ot  no.  A007.  but  without  diol. 

Minioturo  motol  indoR  for  minioturo  diolt. 

Minioturo  diol  lock. 

Shoft  lock  for  14"  diomotor  thoft.  ^4"‘32  birthlAQ.  Nlckl# 
plotod  brou. 

Shaft  lock  with  knurlod  locking  nvf* 


A06d  Shoft  boaring  for  14"  diomotor  thoftt.  Nicklo  plotod  brott. 
Fitt  diomotor  h^o. 

E001  Stootito  coromk  ttondoff  or  fio-point.  Intogrol  mounting 

oyolot.  0.205"  ovoroH  diomotor. 

E201  Slock  or  rod  plottic  binding  pott  plotot  for  No.  E222. 

E202  Stock  or  rod  plottic  plotot  for  two  binding  potH  tpocod  Vi", 

E2I2  Slock  or  rod  plottic  plug  for  two  binding  pottt  tpocod  Vi**, 

E222  Motol  binding  pott  with  jock  top. 

E302A  to  E306A  ^ootito  coromk  torminol  ttript.  Mt"  wido.  Tor* 
minolt  tpocod  H"  on  contort.  Scrow  typo  or  toldor  typo 
thrwtorminolt. 

J30<K350  to  J300-'2500  Comploto  lino  of  minioturo  inductoncot 
3.3  to  2500  microhortriot.  H"  long.  Diomotor  0.115"  to 
0.297". 

M001  Intulotod  univortol  joint  ttylo  floRiblo  coupling  for  *4"  dio 
thoftt. 

M003  Solid  coupling  for  14"  dio.  thoftt.  Nicklo  plotod  brott. 

M004  Univortol  joint  ttylo  floRiblo  coupling  for  *4"  diomotor  thoftt. 

Invortod  hubt  for  thort  longth.  htot  intulotod. 

M005  Univortol  joint  ttylo  floRiblo  coupling  for  4"  diomotor  thoftt. 

Eitornol  hub  for  moRimum  floRibility.  Not  intulotod. 

MOOS  Univortol  joint  ttylo  floRiblo  coupling  for  4"  diomotor  thoftt. 

Spring  fingor.  Stootito  coromk  intulotion. 

MOOS  ^ottk  intulotod  coupling  with  nkUo  plotod  brou  intortt  for 
4"  diomotor  thoftt. 

M017  Plottk  intulotod  floRiblo  coupling  for  4"  diomotor  thoftt. 

1^^"  long  by  ^Ht"  diomotor.  Sronio  yoko. 

M023  Intulotod  thoft  ORtont*on  for  4"*32  buthing  and  4"  thoft. 

For  mounting  tub>miniaturo  potontiomotor. 

M024  Locking  intulotod  thoft  ORtontion  timilor  to  no.  M023. 

69043  Stootito  coromk  coil  form.  Adjuttoblo  coro.  Winding  tpoco 
4"  diomotor  by  long.  Mounting  4*40  holo. 

S9044  Stootito  coromk  coil  form.  Adjuttoblo  coro.  Winding  ipoc# 
0*1  S7"  diomotor  by  V\fk'*  long.  No.  1 0*32  mounting. 
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amplifier,  eliminating  the  need  for 
an  output  transformer)  are  also 
available  to  impedance  ratings  im¬ 
possible  in  more  conventional  type 
units.  Ratings  of  115  v  in  diam¬ 
eters  down  to  a  fraction  of  an  inch 
eliminate  the  step-down  transform¬ 
ers  and  large  capacitors  usually 
found  in  low  voltage  miniature 
motors.  For  example,  a  26  v  motor 
employing  a  2-nf  tuning  capacitor 


would  require  only  0.1-/if  capacitor 
at  115  V.  Where  required,  dielec¬ 
tric  strengths  of  2,000  v  can  be 
provided.  Dielectric  strengths  of 
1,250  V  between  phases  and  to  the 
frames  are  standard,  even  in  very 
small  frame  sizes,  where  previously 
they  could  be  achieved  only  with 
difficulty  and  often  with  a  large 
percentage  of  rejections  in  produc¬ 
tion. 


Special  Tube  Fins  Offset  Calefaction 

By  C.  BEI  RTHERET,  CumpaKnie  Franca ise  Thomson-Houaton.  Paria,  France  and 
II.  G.  TOWLSON,  General  Klectric  Co.,  Syracuse.  X.  Y. 


Currently  under  study  by  the 
FCC  is  the  advisability  of  allowing 
certain  so-called  dear-channel  a-m 
stations  to  exceed  the  50-kw  broad- 
ca.st  power  limit.  New  powers  pro- 
po.sed  are  500  kw  minimum  and  750 
kw  maximum.  With  higher  powers, 
tube  cooling  will  be  more  of  a  prob¬ 
lem.  One  technique  first  reported 
in  Electronics^  makes  use  of  novel 
fin  design,  to  take  advantage  of 
fundamental  heat-transfer  prin¬ 
ciples. 

Figure  1  shows  the  relation  be¬ 
tween  heat  flow  per  unit  area  and 
temperature  of  a  small  metallic 
surface  immersed  in  .still  water. 
Zones  C  and  Z>  are  known  as  the 
calefaction  region.  In  a  household 
analogy,  calefaction  is  illu.strated 
by  a  drop  of  water  on  a  hot  stove 
where  the  steam  prevents  effective 


To  Eliminate  Noise— Add  Some 


Electronic  earphone  contains  miniature  microphone  which  generates  noise  signals 
opposite  in  phase  to  loud  unwanted,  noises.  When  two  sound  wares  meet  in  earcup, 
most  of  total  noise  energy  is  dissipated.  Dereloped  by  U.  S.  Army  Signal  Research 
and  Derelopment  Lab,  Ft.  Monmouth  together  with  RCA,  the  earphone  works  with 
a  special  electronic  inverter  and  ampliiler  unit 
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FIG.  I — Boiling  hetit-transier  curve  ior 
small  metallic  surioce  in  still  water. 
Zones  A,  B,  C  and  D  correspond  to 
diiierent  physical  phenomena  as  indi¬ 
cated.  Region  beyond  Q  is  where  me’l- 
ing  point  oi  copper  is  exceeded 

heat  tran.sfer  of  the  liquid. 

With  a  larger  area,  such  as  the 
cylindrical  anode  of  a  conventional 
water-c(H)led  tube,  steam  produces 
an  insulating  layer  which  reduces 
contact  of  the  anode  with  the  water. 
The  anode’s  melting  point  can  then 


KEY  ENGINEERING 
OPENINGS 
AT  VOUGHT 

^  ELECTRONICS  1 

Projects  involve  advanced  Kuidance  and 
control  and  fire  control  s)!>tem.s  for  mis¬ 
siles  and  hich-performance  manned 
aircraft.  They  begin  with  investigations  and 
theory  and  progress  through  systemization 
and  packaging  to  detailed  hardware  design. 
Key  responsibilities  await  additional  men 
who  are  qualified  in  these  areas.  Advanced 
degrees  preferred. 

.Stability  and  Control  Engineer.  F.F..,  M.F., 
or  .A.E..  with  emphasis  on  flight  stability 
and  control  problems  or  dynamics.  (Spe¬ 
cial  consideration  given  graduate  study  or 
e.xtensive  experience  in  transients  or  closed 
loop  stability  analysis.)  To  assist  in  design 
of  autopilot  and  control  systems  for  high- 
performance  missiles  and  aircraft. 

Antenna  Design  Engineer.  F.F...  or  Physics 
Degree  with  demonstrated  aptitude  for 
antenna  design.  To  join  active  projects 
involving  design  of  flush-mounted,  recessed 
and  external  antennas  at  all  frequencies 
for  very  high-performance  aircraft  and 
missiles. 

Eire  Cuntrul  and  Microwave  Systems 
Engineer.  Requires  F  .F..  or  Physics  Degree: 
at  least  2  years  experience  in  radar,  data 
link,  or  fire  ct)ntrol  systems;  and  strong 
ability  in  this  wtsrk. 

Test  Equipment  Engineer.  Requires  F.l-., 
or  Physics  Degree  and  at  least  2  years 
experience  in  this  tir  related  field.  (Desir¬ 
able:  broad  background  in  electronics 
design  with  emphasis  on  digital  computers 
;  or  microwave  systems.)  lo  join  in  the 
j  design  ot  complete  checkout  systems  for 
missiles  and  associated  subsystems. 
Reliability  Analyst.  Requires  M  E.,  Physics, 
i  F.F...  or  Math  Degree;  brE)ad  knowledge 
j  of  electronic  and  mechanical  systems; 

experience  in  operations  research  or  reli- 
I  ability.  Helpful:  statistical  methods 
1  experience. 

To  arrange  for  a  personal  interview,  or  for 
a  prompt  report  on  these  or  other  current 
openings,  return  coupon  to: 

I - 1 

I  C.  A.  Besio  j 

I  Supervisor,  E.riiiineering  Personnel  i 

CHANCE  VOUCH  I  AIRCRAFT, 

.V  ..  T  Dept.  M-II 

I  Dullas,  Texas  | 


j  interested  in  the  opening  for_ 


August  15,  1958  —  ELECTRONICS  engineering  edition 


Vought  Vocabulary 


-r;  •  f 


Chance  Voii>;ht’s  ReauUts  II  missile  is  twice  as  long  as 
a  city  bus.  It  is  craimnecl  with  delicate  instruments, 
armetl  with  a  nuclear  warhead.  Yet  Vought  engineers 
designed  licfiulus  II  to  .serve  safely,  efficiently  aboard 
the  Navy’s  newest  nuclear-driven  submarines. 

They  shoc’k-pr(M)fed  the  missile  against  underwater 
blasts.  They  conditioned  it  for  polar  ice,  or  (‘({uatorial 
heat.  They  made  it  —  like  Vought’s  smaller  FUvt  veteran, 
licfitilus  /  —  a  dependable  weapon,  accurate  from  con¬ 
ventional  or  nuclear  sid)s,  from  surface  ships  or  highly 
maneuverable,  mobile  shore  launchers. 

.Aboard  its  special,  globe-girdling  sub,  Rcfiulus  II  will 
move  incisihly  any  distance  to  its  launching  point.  There 


it  can  begin  a  supersonic,  long-range  strike  in  minutes. 
Or  it  may  lurk  unseen  for  months  as  a  patient  and 
ready  deterrent. 

\  chilling  prospect  for  would-be  aggressors,  this 
example  of  Vought  ingenuity. 

Scientists  and  engineers:  pioneer  with  Vought  in  new  mis¬ 
sile,  manned  aircraft,  and  electronics  programs.  For  details 
on  select  openings  write  to:  C.  A.  Besio,  Supervisor, 
Kngineering  Personnel,  Dept.  R-8. 

e  H  jk  N  o 

tMOOmmomjkT&o  •  o  A  k  k  M  m  »  r  9  x  a  m 


in  ge-nu  i-iy  \  designing  a  12-ton  missile 

to  fit  inside  an  atomic  sub 
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’  Shown  Actual  Sizo 


UIT  TRIMMERS 

BY 


This  new 
subminiature 
trimmer  is 
designed  for 
printed  circuit 
assembly. 

SLIM  and  TRIM, 

they  fit  neatly 
with  diodes 
and 

transistors. 


a  a 

1 

Constructed  of  high-temperature-resistant  plastic,  with  a  37  turn 
lead-screw  adjustment  for  fine  trimming,  the  TPC  trimmer 
is  a  masterpiece  of  miniaturization.  Virtually  hermetic  sealed,  this 
newest  addition  to  the  TIC  line  is  moisture  proof.  Power 
rating  is  1  watt  at  TO'C.  derated  to  0  at  225®C.  Pretinned 
leads  accommodate  hot-tin  dipping  techniques.  Lead  separations 
are  in  multiples  of  0.1"  in  accordance  with  standard  printed 
circuit  separations. 

FEATURES: 

•  Reliability  and  performance  in  operations  up  to  225®C. 

•  Resistance  Ranges  from  100  to  30,000  ohms. 

Environmental  testing  has  proven  these  rugged,  compact  trimmers 
meet  or  exceed  the  military  specifications  required  for 
airborne  and  missile  applications. 

Bulletins  with  full  details  available  upon  request, 

TECHNOLOGY  INSTRUMENT  CORPORATION 

569  Main  St.,  Acton,  Mass.  P.O.  Box  3941,  No.  Hollywood,  Calif, 
colonial  5-7711  *  POplar  5-8620 


FIG.  2 — T««th  of  powor  tub*  ar*  d*- 
siqnad  as  shown 

be  at  point  S,  Fig.  1,  or  about  200 
w  in.’. 

By  designing  the  teeth  or  fins  of 
the  power  tube  as  show’n  in  F'ig.  2, 
permanent  contact  with  the  liquid 
by  the  tips  of  the  fins  is  insured 
and  temperature  can  be  kept  below 
HOC  (point  L,  Fig.  1).  With  teeth 
of  g(M)d  thermal  conductivity  it  is 
physically  impossible  for  two  adja¬ 
cent  points  of  the  surface  to  be  at 
125  C  (Point  M,  Fig.  1)  and  1,100 
C  (point  Q). 

Figure  3  is  a  sketch  of  a  Vapo- 
tron  with  vertical  fins.  Tubes  have 
al.so  been  made  with  horizontal  fins. 
A  third  version  u.ses  a  tooth-type 
construction  combining  vertical  and 
horizontal  fin  concepts. 

In  operation,  the  tube  is  set  in  a 


FIG.  3 — V*rtlcal-lin  version  of  tube  has 
Ibis  physical  appearance 
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WESTON  INSTRUMENTS:  STANDARDS  OF  STABILITY  IN  SCIENCE  AND  INDUSTRY 


WESTON'S  BROAD  LINE  OF  RUGGEDIZED 
INSTRUMENTS  WILL  TAKE  THEM  EASILY  IN  STRIDE 


New  design  concepts,  new  materials  and  new  pro¬ 
duction  techniques  .  .  .  these  are  the  ingredients  of 
Weston’s  ’58  line  of  Ruggedized  Instruments.  Now, 
more  than  ever,  they  insure  dependable,  accurate 
service  under  extremes  of  shock,  vibration,  tempera¬ 
ture,  humidity  and  general  abuse. 

Mechanisms  arc  mounted  on  metal  decks.  The 
decks  and  terminals  arc  then  molded  into  a  specially 
compounded,  shock-resistant  rubber.  This  results  in 
a  well-insulated,  leakproof,  and  virtually  hreakproof 
seal.  Damage  from  impact  to  jewels  and  pivots  is 
eliminated  through  spring-hacked  mounting.  Tough 


plastic  w  indows  make  the  use  of  zero  correctors  prac¬ 
tical.  I'he  entire  mechanism  is  housed  in  a  rigid  steel 
case  which  provides  excellent  shielding  against  exter¬ 
nal  magnetic  Helds.  The  instruments  may  be  mounted 
interchangeably  on  either  magnetic  or  non-magnetic 
panels  without  loss  of  accuracy. 

Consult  your  local  Weston  representative  for  com¬ 
plete  details  ...  or  write  for  Catalog  A-.^8.  Address: 
Weston  Instruments.  Division  of  Daystrom.  Inc., 
Newark  12,  N.  J.  In  Canada:  Daystrom  Ltd.,  S40 
Caledonia  Rd.,  Toronto  10,  Ont.  Export:  Daystrom 
Int'l.,  100  Empire  St.,  Newark  12,  N.  J. 
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NEW  RECTANGULAR  C-R  Twbe 

. . .  X  5^4",  gives  raster  area 
of  a  7"  round  tube.  Bezel  adapters 
for  all  standard  cameras. 


INDIVIDUAL  INnNSITY  & 
FOCUS  CONTROLS 

...  for  both  channels. 


HIGH  SENSITIVITY 

...  to  200  microvolts/ centimeter 
on  both  channels. 


■#-"  1 


IDENTICAL  VERTICAL 
AMPLIFIERS 

...  with  differential  inputs. 


i  ^ an.  ' 


HORIZONTAL  DISPLAY 

Selects:  Calibrated  Sweep. 

Expanded  Sweep. 

Calibrated  Sweep  on  Channel  A 
and  Expanded  Sweep  on  Channel  B. 


N  ■  W 


HIGH  SENSITIVITY 


2-Cliannel  Jlscilloscope 


scope/ 


Priced  scarcely  higher  than  professional  single-channel  scopes, 
the  ETC  K-260  brings  true  2-channel  oscilloscope  versatility  to 
industrial  and  scientific  work  at  lowest  cost.  Heart  of  the  K-260 
is  a  unique  rectangular  cathode  ray  tube  that  gives  the  raster  area 
of  a  1"  round  tube — but  in  less  space  and  with  more  convenient 
viewing  qualities. 

Write  today  for  complete  specifications. 


OUTSTANDING  VALUE 


only  J785  f.o.b.  fhilodslphii 


1NDENTICAL  VERTICAL  AMRIIEIERS 
$«ntitivity:  200Mv/cm,  dc*<owpl*d. 
Bandwidth:  dc  to  500  kc. 

Dilforontiol  Input  Attonootion:  to  100 
millivolft  por  contimotor. 

HORIZONTAL  AMPLIFIER 

StUcfor:  CoHbrotod  swoop,  OKpondod 
swoop  (up  to  5  timos),  or  celt' 
brotod  swoop  on  Ch.  A  with  ox* 
pondod  swoop  on  Ch.  B. 


Rosponso:  dc  to  200  kc,  ±3db. 


LINEAR  SWEEP  —  3%  occurocy 

Colibrotod:  100  msoc/cm  to  1  M^fc/cm, 
Uncolibrotod:  1  soc/cm  to  2  fisoc/cm. 
Linoorify:  5% 


INTERNAL  CALIBRATOR 

1,000  cpt  iquoro  wovo  ot  0.2  mv  to  10 
volts  in  12  stops. 


isls'sinm  tut  is  uufitiuMJciu 


1200  E  MERMAID  LANE,  PHUADEIPHIA  18,  PENNA 


Htadfuntn  1m  Sit/k-  aad  MEti-Ckamil  Stapis  aW  OpiadaUi  C  R  Tihis . . .  sim  1137. 


tank.  Steam  rise.s  through  a  short 
insulating  pipe  to  a  condenser  and 
returns  as  water  to  a  storage  tank. 
No  water  pump  is  required. 

The  technique  described  has  been 
proved  in  more  than  a  million  hours 
of  operation. 

Re;e'erknce; 


( 1  )  Hfurtheret,  Kvaporatlon-Cooled 
TlltlCH,  lOl.KOTHONICH,  *.1.  I)  10«, 
Mar.  1'j52. 


Turret  Mounting 
Servo  Components 


Swrvo  component  turrol  package  con¬ 
tains  a  slse  ll  motor-tachometer,  gear- 
head  and  potentiometer 


Rotating  servo  components  a.s- 
sembled  in  miniature  turret  pack¬ 
ages  require  less  volume  and  are 
better  suited  to  vibration  and  shock 
than  many  conventional  rotating 
component  packages  which  line  up 
the  components  end-to-end.  The 
turret  concept  developed  by  Mech- 
atrol,  a  division  of  Servomechan¬ 
isms,  Inc.,  Westbury,  N.  Y.  also  per¬ 
mits  more  flexible  use  of  servo 
components.  A  single  servo  motor 
can  be  used  to  drive  more  than  one 
component,  each  at  the  same  or  dif¬ 
ferent  gear  ratios.  The  output  shaft 
is  designed  for  easy  connection  to 
other  components  or  sub-assem¬ 
blies. 


Adding  Components 

The  illustration  shows  a  typical 
turret  package  containing  a  size  11 
motor-tachometer,  a  gearhead,  and 
a  potentiometer,  all  enea.sed  in  a 
package  5  in.  long,  with  a  nominal 
OD  of  21  in.  Other  servo  compo¬ 
nents,  such  as  transistorized  ampli¬ 
fiers  and  synchros,  can  be  added  as 
needed.  Clutch  and  limit  stops  may 
be  added  at  various  stages  of  the 
gear  train. 
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IT'S  A 

MUST! 

If  you  sell  to  the  $7  billion  electronics 
industry,  you’ll  want  a  free  copy  of 
electronics  MARKET  MEDIA 
FILE. 

What  are  the  prospects  for: 
MILITARY  ELECTRONICS? 
REPLACEMENT 
ELECTRONICS? 

HOME  ELECTRONICS? 
INDUSTRIAL 
ELECTRONICS? 

Who  are  the 

BUYING  INFLUENCES? 

Why  are  more  than  9,000  men  who 
make  the  buying  decisions  for  30 
giant  companies  subscribers  to 
electronics?  . . .  and  what  does  that 
mean  to  your  advertising  dollar? 

The  1958  electronics  MARKET 
MEDIA  FILE  gives  the  answers  in 
12  fact-packed  pages  that  you  will 
refer  to  time  and  again  throughout 
the  year. 

Send  for  your  free  copy  today. 

M  electronics  W 

A  McQRAW-HILL  PUBLICATION 
330  W.  42nd  8L,  New  York  36,  N.  Y. 


TEFLON^  INSULATED 
WIRES  AND  CABLES 

FOR  HIGH  TEMPERATURE  APPLICATIONS  — 
AND  WITH  UNEQUALLED  ELECTRICAL  AND 
MECHANICAL  PROPERTIES. 


Mad*  fa  MIL-W.I6S7i 
%p»clflcatiom%  with 
*ifk*r  wrapped  or  *!• 
fr«d*d  iMtulation,  and 
with  eomp/*f*  cabling 
faeilitias  availabi*  to 
m«*t  yoMr  aiacfiiig 
tpacitleationt. 


COMPARE  THESE 

PERFORMANCE  CHARACTERISTICS 

REX  TYPE  E 

REX  TYPE  EE 

Op*ratlaq  Tnaparotwr* 

200’C  t*  — 4$’C 

200°C  to— 4S°C 

Cootinitaas 

Oporatinq  YoHoq* 

400  volts  RMS 

1000  volts  RMS 

Spirh  T*st 

3000  volts  RMS 

4000  voHs  RMS 

DMoatrk  Strvaqth 

2000  volts  RMS 

3000  voHs  RMS 

Factor 

.005  Moi. 

.005  Mas. 

DMoctrtc  Caostont 

2.2  Man. 

2.2  Mai. 

Insalotlaa  RosHtonc* 

>5000  Moq  1000' 

>5000  m*q  1000' 

kdolttar*  Absorption 

Nil 

Nil 

^MOMbility 

No*  RonHoobl* 

No*  Ramioabl* 

Solvant  Roslstonc* 

UnoWoctod  by 

Unoffnctod  by 

any  cooMOorcial 

any  coioaiorciol 

rooqaots 

rooqoot^ 

CABLING  IS  A  /^EX  SPECIALTY 

Cem*let*  dvsiqn  and  cablinq  focMiM*, 
art  availabi*  to  bandl*  all  cablinq 
problcmt  —  •Wcivntly,  ptritcHy.  Th* 
R*,  r*pvtatian  as  th*  far*niast 
sp*cialist  in  d*siq*inq  and  man*- 
factnrlnq  cabi*  jnstHIns  yonr  complnt* 
conRdnnc*. 

/^tX  OFFERS  YOU  A  COMPLETE  LINE  OF  WIRE 
AND  CABLE  FROM  ONE  SOURCE  WITH 
CENTRALLY  LOCATED  WAREHOUSES  FOR  FAST 
EFFICIENT  SERVICE. 


*  Military  SpncMcatian  Wir*s  *  Micrawall  Wir*  and  CabI* 

*  Coaiial  Cabins  *  Canimnnication  Wirvs 


*  Elnctronic  Contral  Systnm  Wir*  •  U.L.  Wir*  pl«s  spncials  of  all 
and  Cabi*  typns  with  a  varinty  at 

insalotions. 


*T*tlon  r*qlst*r*d  t.m. 

E.  1.  dvPant  d*  Nnmoiirs 

THE 


CORPORATION 


250  NAYWARO  ROAD.  WEST  ACTON.  MASS. 
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PRODUCTION  TECHNIQUES 


Copper  Is  Temporary  Base  for  Inlaid  Circuits 

STEP  I  STEP  4 

RESIST  REMOVED 
BY  HOT  LYE  bath 


the  circuit,  in  actual  size,  on  glass 
plates.  Plates,  usually  12  by  17 
inches,  may  contain  up  to  200  prints 
of  smaller  circuits,  such  as  com¬ 
mutators. 

Next,  the  following  production 
steps  are  followed,  as  shown  in  the 
diagram: 

(1)  A  sheet  of  0.005  inch  copper 
the  size  of  the  plate  is  treated  with 
light-sensitive  resist,  generally  con¬ 
taining  potassium  dichromate.  The 
sheet  is  exposed  in  a  vacuum  frame 
using  the  plate  as  a  negative.  The 
exposed  areas  of  the  resist  are  set 
and  the  unexposed  areas  washed  in 
a  warm  water  bath. 

(2)  The  bare  copper  pattern  is 
electroplated  with  various  metals. 
Metals  and  plating  thicknesses  de¬ 
pend  on  circuit  requirements.  A 
common  combination  is  a  O.OOOOIi 
inch  layer  of  rhodium  followed  by 
a  0.002  inch  layer  of  nickel. 

The  rhodium  provides  a  .smcsdh, 
corrosion-resistant  final  surface. 
Occasionally,  a  flash  of  gold  is  first 
deposited  as  a  lubricating  surface 
for  the  contact  to  slide  on.  The 
heavier  layer  of  nickel  gives  the 
circuit  a  hard  body. 

(3)  A  layer  of  silver,  0.002  inch 
thick,  goes  on  top.  Irregular  nod¬ 
ules  on  the  silver  grip  the  backing 
plate  of  plastic  or  metal  used  for 
the  circuit  board. 

(4)  The  plated  copper  sheet  is 


EXPOSED  RESIST 


COPPER  0.005' 


RESIST 


BACKING 

DIELECTRIC 

RATINGS 

COPPER 


NICKEL  0.002' 


■rhodium 

0.00003' 


stainless 

STEEL 


COPPER 


O.OOa"  SILVER  PLATE  HAS 
IRREGULAR  NODULES  ON 
SURFACE 


SILVER-OIELECTRC 
MECHANICAL  BONO 


NICKEL 

RHODIUM 


CONDUCTOR 
SURFACE  BARED 

^  _ _ _  BY  ETCHING 

COPPER  -^==»^ANAY  COPPER 

Photographic,  •lectroplating.  proMing  and  etching  proceeeei  are  combined  to  produce 
large  loU  oi  inlaid  circuits  with  flush  conductors 


Inlaid  circuits,  electrical  conduc¬ 
tors  flush  with  the  surface  of  the 
surrounding  dielectric,  are  particu¬ 
larly  useful  with  sliding  contacts. 
Main  applications  are  miniature 
tap  switches,  commutators,  coding 
discs,  cross-over  switches  and  com¬ 
puter  parts. 

Method  of  producing  inlaid  cir¬ 
cuits,  developed  by  Glass  Products 
Co.,  Santa  Barbara,  Calif.,  differs 
substantially  from  a  technique  re¬ 


ported  here  October  1,  1957.  The 
process  is  basically  chemical  and 
does  not  require  fini.sh  machining. 
Nodules  which  grow  on  plated  silver 
provide  the  mechanical  bond  be¬ 
tween  the  conductor  and  the  insulat¬ 
ing  base  material. 

Oversized  artwork  master  fur¬ 
nished  by  customers  or  prepared  by 
Glass  Products  is  photographed  by 
a  reducing  camera  onto  glass.  This 
is  used  to  print  multiple  images  of 


DESIGN  TRENDS:  Padless  Printed  Wiring  Board 


I  .EPOXY  GLASS 
‘  LAMINATE 


ConTentional  printed  wiring  boards  use  a  pad  around  component  lead  holes  to  ensure  a  strong  solder  fillet.  Photo  shows  a  con- 
▼entional  board  flanked  by  miniaturised  Tcrsions.  1/Sth  the  sise.  dereloped  by  Photocircuits  Corp.,  Glen  Cove,  N.  Y.  Sise  reduction 
is  achieved  by  eliminating  space  required  for  the  pads.  Holes  are  plated  through  so  thot  solder  joints  ore  made  primarily  Inside 
the  holes.  The  firm  reports  that  experimental  boards,  with  40  mil  holes,  40  mil  conductors  and  40  mil  spacing  between  holes,  passed 
temperature,  vibration  and  shock  tests  of  MIL-E-S272.  Pull  strength  of  connections  is  20  pounds  in  40  mil  GIO  board  and  12  pounds  in 
1/32  inch  XXP.  Close  registration  between  printing  and  hole  fabrication  operations  is  required 
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1500  Volts  400  ma 
at  150°C.' 


Trancitron  silicon  rectifiers 


H«rc  for  the  ftnt  time  ia  a  1500  volt  rectifier  proven 
in  aervice  at  160*C  Caae.  Current  levela  up  to  400  ma 
are  handled  by  the  TM155  .  .  .  the  lateat  to  join 
Tranritron’a  expanding  family  of  high  voltage  ailicon 
rectifiera.  And  now  thia  entire  high  voltage  aeriea  ia 
priced  more  attractively  than  ever! 


Hermetically  aealed  in  the  atandard  Ki'  hex  pack¬ 
age.  theae  unita  are  reaiatant  to  ahock,  vibration  and 
environment  changea.  The  new  higher  ratinga  make 
them  uaeful  in  high  voltage  power  auppliea  for  magne- 
trona.  klyatrona,  electronic  precipitatora  and  other 
applicationa  requiring  600  volt  output  or  higher. 


Send  for  our  rectifier  brochure,  TE-1S51. 


FEATURES 

•  NO  DERATING  AT 
HIGH  TEMPERATURE 

•  HIGH  POWER 
HANDLING  ABILITY 

•  SMALL  SIZE 

•  HERMETICALLY  SEALED 


For  still  higher  voltages  at 
currents  to  175  ma,  Transitron 
makes  rectifier  assemblies  in 
cartridges  and  in  the  convenient 
"2  W”  axial  lead  package. 


[ 

1  Type 

Maximum 

Inverse 

Operating 

Voltage 

(volts) 

Maximum 

Average 

Forward 

Current 

(ma) 

1 

TM155 

1500 

400 

TM156 

1500 

200 

TM124 

1200 

1000 

TM125 

1200 

400 

TM126 

1200 

200 

TM104 

1000 

1000 

TM105 

1000 

400 

TM106 

1000 

200 

Maximum 
Average 
Inverse 
Current  @ 
Full  Load  (ma) 


Trancitron 


electronic  corporation  wakefield,  m  a  a  s  ac  h  u  a  e  tt  a 


WaWa  Ragalatars 


PREAC 


immersed  in  hot  lye  bath  to  remove 
remaining:  resist. 

(5)  The  sheet  is  placed,  plated 
side  up,  on  a  stainless  steel  plate 
for  rigidity  during  pre.ssinj?.  A 
thin  sheet  of  adhesive  and  a  sheet 
of  dielectric  material  are  applied, 
followed  by  backing  material. 

Phenolic,  melamine,  epoxy,  or 
combination  of  the.se,  are  used  as 
dielectrics.  When  a. phenolic  lami¬ 
nate  is  iKsed,  uncured  sheets  of 
phenolic  paper  are  laid  against  the 
silver  without  adhesive.  When  mela¬ 
mine  is  desired,  it  is  used  uncured 
as  the  adhesive  and  becomes  the 
dielectric  when  cured.  Phenolic 
laminates,  mylar,  aluminum  and 
many  other  metals  have  been  used 
as  circuit  backing. 


Sandwiches  of  90  commutator*  each  are 
prepared  tor  insertion  in  hydraulic  press 


The  .sandwich  is  subjected  to  ap¬ 
proximately  1,400  psi  at  a  tempera¬ 
ture  of  :$05F  in  a  hydraulic  press. 
This  forces  dielectric  into  fillets 
formed  by  plated  material  and  cop¬ 
per  sheet  .so  that  the  dielectric  as¬ 
sumes  the  same  plane  as  the  mate¬ 
rial  first  plated. 

(6)  The  prtxie.ssed  sandwich  is 
bathed  in  ferric  chloride  until  all 
the  copper  is  removed,  leaving  the 
plated  conductors  flush  with  the 
dielectric  surface.  If  the  rhodium 
layer  is  very  thin,  there  is  a  chance 
it  may  be  porous  enough  to  allow 
the  acid  to  reach  the  nickel.  In  that 
case,  chromic  acid  is  used  since  it 
will  dissolve  copper  but  not  nickel 
nor  rhodium.  Acid  will  not  become 
trapped  in  the  dielectric  (which 
could  cause  electrical  leakage)  due 
to  the  smooth  surface  given  by  the 
copper  sheet. 

Finally,  the  circuits  are  .sawed 
apart  and  cleaned. 

When  an  ultra-smooth  surface 


MV 


See  these 
AIRPAX  items 
at  the  Wesson  show 


BOOTHS  1120-1121 


LOW  NOISE  CHOPPERS 

Series  2300  for  400  CPS 
Series  2400  for  60  CPS 


DATA  LOGGING  AMPLIFIER 


Three  stage  low  null  drift 
stabilized  magnetic  amplifier 


TACH-PAK 

Permits  tachometry  with 
an  accuracy  at  0.1% 


A  single  stage  magnetic 
computer  amplifier  having 
exceptionally  high  gain 


AIRPAX  continues  to  lead  the  way! 

Airpax  Engineers  have  developed  the  above  items  as  well  as 
many  others  which  represent  the  latest  advances  in  com¬ 
ponents  designed  for  use  in  commercial  and  military  fields. 


CAMBRIDGE,  MARYLAND  BALTIMORE,  MARYLAND 

THE  AIRPAX  PRODUCTS  COMPANY  _ 

FORT  LAUDERDALE,  FLORIDA 
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THl 
MARK  Of 
IfADfRSHIP 


R»>prM»nlativ«>»  thiuoul  thp  world 


Opvrator  adiuits  wire  travel  ipeed.  In- 
■tallation  ot  Beckman  Inetrument*  in¬ 
clude*  a  Reevelec  induction  heating  unit 


TUBE  PRODUCTION  IS  A  SCIENCE  AT  VARIAN 


Alter  pre**ing,  copper  plating  bate  is 
etched  away  in  tank 


Micrometers  Change 
Cut  and  Strip  Setup 


Beyond  the  call  of  duty 


KlfStHON'i  tRAVl  11N(.  A'AVt  MINIS  HACNWAMh  AAVI  OSCM  I  MM,M  HUM  lUMTS  UNI  AR 

ACrm  RAIOR'.  VirHOWAVI  SV'.M  M  CdMI'ONI  NIS  R  I  M'M  I RUMI  1 1  RS  V  A«;SH  S  MAi.Nl  KtMMI 

MAio'v  rowiR  AMrniiiR'.  r.RArHil  rm.oroirs  rimarcm  and  oiviioi'mim  MRvi(;f'. 


finish  is  required,  the  sheet  copper 
is  not  used.  A  layer  of  copper 
0.0002  inch  thick  is  chemically  re¬ 
duced  on  optically  ptjlished  fclass. 
After  mattking,  platinK  and  pre.ss- 
injf,  the  irla.ss  plate  is  pulled  off  and 
the  copper  etched  away. 

Strong  cro.s.s-over  connections 
may  be  made  by  layini;  up  addi-  j 
tional  layers  of  resist  and  conduct¬ 
ing  material  over  the  plated  circuit  | 
at  the  .sandwich  .stajre.  The  cro.ss-  1 
overs  will  be  under  the  circuit  after 
the  copper  sheet  is  etched  away. 
The  resist  pattern  is  applied  with 
a  silk  screen. 


To  assure  top  quality  tn  every  Vanan  Tube,  each  must  pass 
three  separate  and  exhaustive  series  of  tests  before  it 
passes  final  inspection.  First,  all  electrical  characteristics 
are  checked.  Next,  the  tube  is  tested  under  a  severe  vibra¬ 
tion  environment  to  be  sure  that  it  is  particle  free  After 
a  holding  period  all  electrical  characteristics  are  re¬ 
checked.  Only  then,  when  every  parameter  has  exceeded 
specifications,  has  the  tube  met  Vanan’s  high  measure 
of  perfection 

This  is  typical  of  the  care  involved  in  the  manufacture  of 
Vanan  tubes ...  and  one  of  the  reasons  why  they  are  con- 
*"  sidered  the  standard  of  the  industry.  Over  100  of  these 
tubes  are  described  and  illustrated  in  our  latest  catalog. 
Write  for  your  copy  today. 


Fast  setup  chanKe.H  throuRh  u.se  of 
micrometer-type  adju.smeiits  fea- 
ture.s  a  hiKh-.speed  wire  cutter  and 
stripper  made  by  Eubanks  Enjri- 
neerinjr  Co.,  Pa.sadena,  Calif. 

Standard  models  handle  .solid  or  I 
stranded  wire  from  32  AWG  to  | 
3  ir>  inch  01).  CuttinK  leiiKths  are 
1  inch  t(»  300  feet.  Strip  lenprths 
are  1/8  to  1  inch,  to  maximum 
strip  combinations  of  1  by  3/8  inch 
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NOW. . .  Mil-Spec^  miniature  precision,  125° C 


or  7/8  by  i  inch. 

Wire  travel  speed  may  be  varied 
from  zero  to  150  feet  a  minute. 
Machine  may  be  set  to  cut  a  single 
wire.  Or  it  will  cut  and  strip  1 
inch  pieces  at  8,600  per  hour,  50 
inch  pieces  at  1,970  an  hour,  and 
so  on. 


at  mass  production  prices 


Blade  position  determines  strip  lengths 
and  micrometers  adjust  cutting  depth 


Wire  length  is  measured  as  the 
wire  passes  under  a  measuring 
wheel.  Length  is  predetermined  by 
a  micrometer  which  controls  a  ratio 
unit.  Settings  are  given  by  a  chart 
on  the  cabinet. 

Strip  lengths  are  changed  by 
shifting  positions  of  cutting  blades 
in  a  slotted  block.  Cutting  depth  is 
set  to  within  0.001  inch  by  microm¬ 
eters  mounted  above  and  below 
the  cutting  heads.  Compressed  air 
is  used  to  operate  the  cut  and  strip 
mechanism  and  control  wire  feed. 
Construction  is  modular  so  assem¬ 
blies  may  be  separately  serviced. 


ORDER  TYPE  E  TODAY  AND  SAVE  UP  TO  50% ! 

E  =  Excellence  -f-  Economy,  you’ll  soon  agree,  when  you  get  a  quota¬ 
tion  on  Waters  Type  E  Precision  Potentiometers  from  your  nearby  distributor. 
He  has  them  in  stock  . .  .  ready  for  fast  delivery  at  prices  that  pass  along  to  you 
the  benefits  of  Waters’  unique  mass-production  techniques.  Nowhere  else  can 
you  match  the  prices  you  pay  for  potentiometers  with  the  following  features: 

HIGH-PRICED  FEATURES  AT  NEW  LOW  COST 

^ENVIRONMENTAL  SPECIFICATIONS  welded,  Other  connections  high-temper- 

MIL-E-5272A  and  MIL-R.19  ature  soldered. 

EXPECTANCY  WINDING  AND  SLIP  RING  CONTACTS 

MIL-R-IS  where  applicable  Precious  metal 

TEMPERATURE  COEFFICIENT  OF  WIRE 
BODY  AND  COVER  0.00002  parts  per  *0 

Anodized  aluminum,  precision  ma-  _ _  . 

chined,  for  high  dissipation  rating  (2  NOISE  RESISTANCE 

to  4  watts)  °  °  140  ohms,  maximum 

DIELECTRIC  STRENGTH 

BUSHINGS  ■  ,  *  „  1000  volts  DC  for  one  minute  at  sea 

Corrosion  resistant  alloy,  precision  |gyg| 

bored,  choice  of  plain  or  split  in  all  mpuu  rmi  i  ctim  ..c  _  ,  .  ^ 

DTC  7/  \  BULLETIN  "E’’  gives  complete  details 

sizes  (except  RTS  /•)  about  standard  mechanical  and  electrical 

TcauiijAic  specifications,  dimensions  and  part  num- 

iBRiviiNALS  bars  of  these  high  pre-  r~ — 

Turret  type,  gold  flashed  over  silver  cision,  low-cost  potentiom- 

plate  for  ease  of  wiring.  fj;*-  u^^^l^a'rlst  ^  1 

ELECTRICAL  connections  di%*e^^"o"fe%®;ri!l  /  ’ 

All  important  internal  connections  wayiand.  /  ; 


Tape  Programs 
Board  Driller 

Tape-programmed  drill  press  posi¬ 
tioning  table  has  been  modified  to 
drill  45  to  60  holes  a  minute  in 
printed  wiring  boards.  Positioning 
accuracy  is  0.001  inch,  sufficient  for 
automatic  component  insertion. 

According  to  Jones  &  Lamson 
Machine  Co.,  Springfield,  Vt.,  the 
cycle  may  be  set  at  fully  automatic 
or  jogged  through  1  hole  at  a  time. 
Cycle  may  be  interrupted  at  any 
point  for  manual  operation. 

If  more  than  1  size  hole  Is  re- 


Conlaet  your  local  distributor  ^ 

General  Radio  Supply  Corp.  Wholesale  Radio  Parts  Co.,  Inc. 
GOO  Penn  Street  308-n0  W.  Redwood  Street 

Camden  2,  New  Jersey  Baltimore  1,  Maryland 


Branches  in : 
York,  Pa: 
Lancaster,  Pa. 
Harrisburg,  Pa, 


Electrical  Supply  Corporation 
205  Alewife  Brook  Parkway 
Cambridge  3<,  Massachusetts 


manufacturing,  inc. 

BOSTON  POST  ROAD,  WAYLAND,  MASSACHUSETTS 
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Po>ltloiiln9  labU  U  s*l  up  under  twin 
drllllnq  head*.  More  than  2  head*  may 

be  u**d 


Tape  preparation  time  averages 
5  minutes  a  hole.  Hole  locations  are 
reduced  to  offset  dimensions  from 
a  starting  point.  Sequence  of  op¬ 
eration  is  chosen  and  listed.  A 
hand-operated  punch  is  u.sed  to 
punch  directions  into  4-inch  Mylar 
tape. 


Light,  Inert  Filler 

Tiny,  hollow  ceramic  spheres  made 
by  Ha.stings  Plastics,  Inc.,  Santa 
Monica,  Calif.,  may  be  u.sed  a.s  ra- 
dome  and  potting  compound  filler. 
Chemically  inert,  dimensionally 
stable,  they  may  l)e  mixed  with 
liquid  epoxy,  polyester  or  phenolic 
resin.  Average  particle  density 
ranges  from  0.4  to  0.05  gm/cc  and 
moisture  ab.sorption  after  72  hours 
at  180F  in  saturated  atmosphere  is 
less  than  0.01  per  cent. 


RIBBED  CERAMIC  HIGH  "Q "  COIL  FORMS 
NOW  AVAILABLE  FROM  STOCK! 


If  you  need  slug  tuned  coil  forms 
that  stand  rough  treatment  and 
meet  military  specifications,  it  will 

gay  you  to  look  into  Waters 
libbed  Ceramic  Coil  Forms. 


Their  silicone-impregnated  ceram¬ 
ic  conforms  to  JAN-1-10  Grade 
L5  or  better.  Their  ribbed  con¬ 
struction  permits  coil  leads  to  be 
brought  under  windings  to  lugs. 
No  loose  leads.  Also  permits 
highest  “Q”.  Unique  construction 
includes  a  new  permanent  tension 
device.  No  loose  parts. 

Like  well-known  Waters  Phenolic 
Coil  Forms,  these  new  numbers 
come  with  standard  bushing  or 


retractable  type.  The  latter  allows 
core  to  enter  bushing  to  give  more 
effective  winding  area.  All  num¬ 
bers  are  designed  to  be  stacked  or 
have  bushings  on  each  end  for 
double  tuning. 

BULLETIN  (ED)  covers  all  details 
about  Waters  Ribbed  Ceramic 
and  Phenolic  Coil  Forms  for 
frequency  ranges 
from  Audio  to  250 
M.C.  and  above.  / 

Get  your  copy  from  / 

your  nearby  Waters 

distributor  or  write 

direct  to  Waters  at  Wi/Jy 

W  ayl  and.  9^'  1 


Contact  your  local  distributor 

fwCUeM  MANUFACTURING,  INC. 

BOSTON  POST  ROAD,  WAYLAND,  MASSACHUSEHS 
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NEW  PRODUCTS 


Spotlighting  New  Switches 

m  m 


Miixdoii  Switch,  Inc. 
molded  tcTiiiiiial  units 


'Ilic  Daven  Co. 
progressive  shorting  tspc 


V\’estinghouse  Electric  Corp. 
contactless  limit  switch 


Mcletron  Corp. 
snap-action  switch 


The  Capitol  Machine  Co. 
niultiposition  device 


Hydraulic  Research  and  Mfg.  Co. 
pressure  switch 


Switches,  in  their  extremely  wide  varieties,  represent  a  sizable  portion 
of  the  eomponents  business.  Manufaeturers  are  constantly  striving  for 
new  highs  in  controlled  accuracy  and  reliability. 

Mcletron  Corp.,  950  N.  Highland  Avc.,  Los  Angeles  38,  Calif.,  (300) 
announces  the  Mclcmatic,  a  new  snap  action  switch  suitable  for  use 
where  the  operating  force  is  specific.  It  has  a  resin  plastic  housing 
and  extruded  terminals  to  prevent  stripping  of  threads. 

In  production  at  Hydraulic  Research  and  Mfg.  Co.,  2835  N.  Naomi 
St.,  Burbank,  Calif.,  (301)  is  the  new  90,000  scries  prcssujc  switch  with 
intermediate  mechanical  snan  action  that  insures  trigger  switching  of 
the  electrical  switch  element.  Tlic  unit  is  qualified  and  available  in 
pressure  settings  from  5  to  4,000  psi. 

ITie  Capitol  Machine  Co,,  36  Balmforth  Avc.,  Danbim,  Conn., 
(302)  has  introduced  the  S-IA  series  of  switches  designed  for  minimum 
space  required  behind  the  panel  and  use  of  a  No.  327  lamp.  Kach 
position  has  an  individual  lamp  assembly. 

\  new  progressive  shorting  type  switch  has  been  developed  by  'I’he 
Daven  Co.,  Livingston,  N.  }.,  (303).  It  shorts  out  every  other  jxisition 
on  the  switch  but  the  one  in  u.sc.  It  is  particularly  useful  in  the  meter¬ 
ing  of  a  single  position  or  for  the  gathering  of  pertinent  information 
on  it.  Switches  are  available  as  20,  24  and  32  pole  units. 

Westinghouse  Electric  Corp.,  P.  O.  Box  2099,  Pittsburgh  22,  Pa., 
(304)  now  has  available  proximity  limit  switches  designed  for  operating 
life  to  be  independent  of  switching  operations  performed.  Electrical 
output  is  24  V  d-c  at  0.335  ampicre. 

I'he  5300  scries  precision  switch  now  being  manufactured  by  Haydon 
Switch,  Inc.,  Waterbury  20,  Conn.,  (305)  is  available  with  a  full  range 
of  operating  forces,  from  2  to  20  oz.  I'crminals,  molded  into  the 
plastic  cover,  cannot  wobble  or  be  loosened  under  rough  usage. 

For  more  information  use  READER  SERVICE  Card 


One-Piece  Headers 
varied  designs 

Gi.asse.m.  Products  Co.,  Inc., 
1111  E.  Elizabeth  .\vc.,  Linden, 
N.  /.,  has  dewloped  a  new  type  of 
square  and  rectangular  header.  The 
completely  sealed  header  eliminates 
the  usual  subassembly  ojx;rations 
for  electronic  manufacturers  who 
use  square  or  rectangular  c-ans  to 
lockage  their  units.  I'he  new  de¬ 
signs  are  available  in  nearly  every 
standard  size  and  include  moat, 
square  flange,  and  insert  type  con¬ 
structions.  Circle  306  on  Reader 
Sers'icc  Card. 

(Continued  on  page  118) 
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9  The  Du  Mont  Type  404  bench  model  Pulse  Gen¬ 
erator  and  the  Type  404  R  rack>mounting  version  are 
electronically  identical,  and  equal  in  performance. 
They  are  physically  different  only  to  satisfy  their 
operational  use. 

Hard  tube  circuitry  in  these  pulse  generators  elimin¬ 
ates  jitter,  overshoot  and  ringing  inherent  in  conven¬ 
tional  hydrogen-thyratron  designs.  Repetition  rates  of 
100,000  pps  down  to  single,  manually-triggered  pulses, 
plus  fast  rise  time  (0.02  usee)  and  continuously  vari¬ 
able  pulse  widths  from  0.05  to  100  usee  combine  to 
give  these  pulse  generators  outstanding  versatility. 


,1 


.  V  O 


All  the  rifiht  connections  for 


Decade  Delay  Lines 
lumped-constant 

Kpsco  Componk.ms.  108  Cuni- 
inington  St.,  Boston,  M.iss.,  lias 
developed  a  new  linnjKxl-constant 
decade  delay  line  featuring  lugli  nn- 
pedance  output.  The  following  in¬ 
puts  are  a\  ailable:  ’>00  ohms,  1 ,000 
oliins  and  2,000  ohms.  Variable 
from  0  to  1 1  fisec.  in  increments 
of  0.1  ^sec.  with  rise  times  of  0.2s 
fjiscc.  Units  are  proxided  with 
coaxial  input  and  output  connec¬ 
tors.  I  hese  delay  lines  are  reported 
to  lx-  ideal  for  research  and  labora 
tor\  personnel,  for  work  in  systems’ 
breadboarding  and  for  general  test¬ 
ing.  Circle  307  on  Reader  Senice 


^^ontinuous  performance  under  extreme  environmental 
'^4  conditions  is  yours  with  Deutsch  27-contact  miniature 
connectors.  These  environmental  performers  exhibit  thrilling 
qualities; 

f  Available  for  immediate  delivery 

' '  Durable  for  500  cycles  of  engagement 
I  -  Seal  before  and  after  contact 

~  Unaffected  by  altitude  pressure  variations 

^9^/  Operate  from  -  67°  F.  to  250°  F. 

U  Meet  or  exceed  requirements  of  MIL-C-50I5 


Shimmy  and  shake  these  rumted  connectors.  They’re  vibration- 
dampened  and  withstand  physical  shocks  up  to  100  G’s.  The 
exclusive  Deutsch  hall-lock  coupling  ring  ensures  a  positive 
lock  without  twisting  or  turning,  without  lock-wiring  or  cou¬ 
pling  nut.  Just  push  in  to  connect  — pull  back  to  disconnect. 

To  take  a  peek  at  the  inside  information  on  Deutsch  27- 
contact  miniature  connectors. ..as  well  as  the  3,  7,  12,  19,  37 
and  61  contact  members  of  this  environmental  troupe...  write 
for  data  file  8B.  Or  see  them  all  at  WESCON  (Booth  949-950). 


^  >  i 
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tween  the  two  input  channels  arc 
•  eliminated  by  a  switching  relay 

which  inserts  the  siiine  inpnt  at¬ 
tenuator  alternately  in  eitlier  chan¬ 
nel.  Ilic  instrument  is  expected  to 
^  find  extensive  application  for  com¬ 

puter  sersicing.  Circle  308  on 
Reader  Service  Card. 


Portable  Voltmeter 
battery-powered 

.\i  lo  SciKMiMC  Co..  Inc..  83") 
Commercial  St..  Palo  .\lto.  Calif., 
annonnees  iikkIcI  0-62  baftcry- 
|)owered  |>ortable  d-c  a-c  voltmeter. 
It  can  measure  a-c  and  d-c  with  a 
maximmn  sensitivitv  of  1  mv  full 
scale.  N'oltage  range  of  the  d-c 
nmt  is  1  mv  to  100  v;  of  the  a-c. 
1  mv  to  300  V.  The  P-OZ  has  a 
d-c  acenraev  of  2  percent,  and 
an  a-c  acenraev  of  ±  3  percent.  Fre¬ 
quency  range  of  the  a-c  unit  is  3 
cps  to  200  kc.  Input  resistance  is 
10  megohms  a-c  and  d-c.  .Approxi¬ 
mate  batterv  life  is  -40  hr  for  the 
chopjxr  and  130  hr  for  the  volt¬ 
meter  |)owei  sonrex-.  Circle  309  on 
Reader  Service  C'ard. 


Get  the  most  out  of  your  test  equipment  budget  by  utilizing  HEATHKIT 
instruments  in  your  laboratory  or  on  your  production  line.  Get  high 
quality  equipment,  without  paying  the  usual  premium  price,  by  dealing 
directly  with  the  manufacturer,  and  by  letting  engineers  or  technicians 
assemble  Heathkits  between  rush  periods.  Comprehensive  instructions 
insure  minimum  construction  time.  You’ll  get  more  equipment  for  the 
same  investment,  and  be  able  to  fill  your  needs  by  choosing  from  the 
more  than  100  different  electronic  kits  by  Heath.  These  are  the  most 
popular  "do-it-yourself"  kits  in  the  world,  so  why  not  investigate  their 
possibilities  in  your  particular  area  of  activity!  Write  for  the  free 
Heathkit  catalog  now! 


FREE  catalog 

Mall  coupon  balow  for 
your  copy— Nowl 


Contains  detailed  descriptions 
of  Heathkit  models  available, 
Including  VTVM's,  scopes, 
generators,  testers,  bndges, 
power  supplies,  etc. 


T'iik.  Hristoi.  Co..  \\';ttcrbiiry  20, 
Conn.  Miniature  hermeticallv- 
sealed  Svneroverter  switches  arc 
now  Ix'ing  packaged  for  the  latest 


Also  describes  Heathkit  ham 
gear  and  hi-fi  equipment  In 
kit  form,  too  interesting  and 
profitable  "do-it-yourseK*' 
proiectsi 
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Chopper 

connector  mounted 


—  diyys 


$ 


look  what 


in  test  equipment! 


HEATHKITS 


GIVE  YOU 


TWICE  AS  MUCH 


equipment  for 
every  dollar 
invested 


The  famous  model  V-7A  Vacuum- 
Tube-Voltmeter  is  a  perfect 
example  of  the  high-quality 
Instruments  available  from  Heath 
at  %  the  price  you  would  expect 
to  payl  Complete.  ^2452 


HEATH  COMPANY 

A  SUBSIDIARY  OR  DAVSTROM,  INC. 
BENTON  HARBOR  14,  MICHIGAN 


M. 


niodiilar-tvpc'  equipment.  'Fhese 
choppers  functionally  mate  with 
the  Cannon  K02-16-10SN  recep¬ 
tacle  and  retain  the  nonresonant 
performance  of  the  previous  models 
of  the  same  desiccs.  Units  are  de¬ 
signed  to  operate  at  extremes  of 
altitude,  tempx.rature,  shock,  vibra¬ 
tion,  and  acoustic  noise  encount¬ 
ered  in  the  \arious  military  airborne 
equipment  requirements.  Circle 
310  on  Reader  Service  Card. 


Phototube 
with  u-v  response 

Radio  Corp.  oi  .\mkrica,  Harri¬ 
son,  N.  I.  'I'he  7200  is  a  9-stage 
multiplier  phototulK'  designed  es- 
peciallv  for  the  detection  and  meas¬ 
urement  of  ultraviolet  radiation, 
and  for  other  applications  involv¬ 
ing  low-lesel  radiation  sources.  It 
employs  an  envelope  consisting  of 
a  fused-siliea  section  and  a  graded- 
seal  section.  Ilie  fused-siliea  sec¬ 
tion  transmits  radiant  energv  in  the 
u-v  region  down  to  and  IhIow 
2,000  angstroms.  Spectral  response 
of  the  7200  wvers  the  range  from 
about  1,800  to  6,000  angstroms. 
The  tulx.’  has  high  sensitivitv  to 
blue-rich  light  and  negligihle  sensi- 
tisity  to  red  radiation.  Ciitle  311 
on  Reader  Sers  ice  Card. 


Eondix-Pacific  FM,  FM  Receiving  Stations  have  achieved  a  new  high  in  operational 
simplicity.  Comparator  type  circuitry,  highly  stable  components  and  automatic 
calibration  techniques  eliminate  all  controls  except  channel  selection  and  cali¬ 
bration  switches.  With  Bendix-Pacific  stations,  high  accuracy  data  can  be  obtained 
in  a  shorter  time  than  ever  before. 


Bendix-Pacific  Receiving  Station  Systems  represent  the  most  advanced  state 
of  the  art.  Two  types  are  available:  The  TGRS-100  Receiving  Station  Is  designed 
for  either  real  time  reception  and  demodulation  of  signals  from  FM/FM  Telemetry 
Transmitting  Systems  or  demodulation  of  tape  recorded  data.  The  TGRS-600  Re¬ 
ceiving  Station  is  designed  primarily  for  precision  conversion  of  tape  recorded 
information  from  FM  to  analog. 


Bendix-Pacific  maintains  a 
complete  staff  of 
instrumentation  personnel  to 
assist  you  in  the  solution 
of  your  data  problems. 
Contact  — 


DIVISION  OF  BENOIX  AVIATION  COHAORATION 


Digital  Timer 
four-decade  unit 

Krik  Rf.sistor  Corp.,  644  12th 
St.,  Kric,  Pa.  Model  2400  is  a 
miniature  four-decade  digital  timer 


north  HOLLYWOOD,  CALIFORNIA 


East  Coast:  (Eastern  Representative)  P.O.  Box  391,  Wilton,  Connecticut  —  Dayton, 
Ohio:  120  West  2nd  —  Washington.  O.  C.:  Suite  803,  1701  "K”  Street.  N.  W. 
Canadian  Distributors;  Computing* Devices  of  Canada,  Ottawa  4.  Ontario 
Export  Division;  Bendix  International.  205  E.  42nd  Street.  New  York  17,  New  York 
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luiving  a  time  resolution  of  1  niilli- 
se’c  and  a  niaxiinnin  indicated  time 
intersal  of  9.9‘)9  sec.  ('.low  trans¬ 
fer  tubes  arc  used  as  decade  count¬ 
ers  and  iiulic-ators.  Pulses  derived 
from  a  1,000  eps  tuning  fork  arc- 
fed  to  a  gated  amplifier  wliicb  is 
controlled  bv  miniature  "start”  and 
"stop”  tbvratrons.  Tlie  thvratron 
gate  control  eirenitrv  reduces  tbc 
normal  re(|nirement  of  ten  triiKles 
to  a  total  of  two  miniature  gas- 
filled  tetrodes,  (herall  dimensions 
of  the  timer  arc  6  in.  bv  7  in.  by 
■41  in.  MihIcI  2-400  is  designed  to 
meet  s|Kcifieation  Mil,  r-9-4v\. 
Circle  ^12  on  Reader  Sen  icc  Card. 


H ELI  pot’s  newest  potentiometer . . .  the  single-turn. 

1-1/16"  A. LA.  diameter,  all-metal  series  5200...  fends 
off  2,000  cps  at  30G’s,  repels  10  cycles  NAS  710,  procedure 
III  humidity,  rides  out  50G’s  shock  and  lOOG’s  acceleration. 

We’re  tough,  too ...  on  the  5200’s  mechanical  tolerances. 
Register  face,  diameter  and  shaft  runouts  are  all  held 
to  0.001"  max . . .  spring-loaded  shaft  eliminates  endplay. 

All  this  with  linearity  to  x  0.15%  . . .  power  rating  of 
3  watts  at  100®C  (derating  to  zero  at  150°). . .  250  to  100,000 
ohms  standard  resistance  range . . .  and  certified  test 
data  to  prove  our  every  claim. 

What  a  pot  for  airborne  applications ...  at  a  down-to-earth 
price!  Write  for  data  file  A  82  for  the  proven  facts. 


TWT  Amplifiers 
S-band  units 

llnc.nKS  I’Ronncis,  International 
AiUJort  Station.  I, os  .\ngeles  4^. 
Calif,  riie  M.\S  l.\  is  an  S  b.md 
ixriodically  focused  twt  amplifier 
with  |jower  onfpnts  of  1  kw  o\er 
a  freqnencv  band  of  2.000  to  4.000 
me.  Peak  power  outputs  are  ob¬ 
tained  with  dntv  eveles  up  to  0.00s 
wlien  o|xrated  with  1  w  drise.  I  be 
tnlx  lias  a  gain  of  40  to  ss  db. 
giving  an  excess  of  1  kw  over  most 
the  band.  ’Hie  tvpe  of  p-ni  focusing 
field  emploved  eliminates  the 
solenoid,  solenoid  jsower  supplies, 
and  solenoid  beat  dissipation, 
(arcle  4 1 4  on  Reader  Sers ice  Card. 


Repeater  Servo 
modular  design 

W'.sinoRK  Insiromkni  C-o.,  llmit- 
iiigtoii  Station.  I,.  1..  N.  Y..  has 
develoix'd  a  eomplete  nnniatnre 
plng-in  |)otentionieter  servo  re- 
)xater  system.  I  he  model  \V  1902 
is  a  self-contained  servo  measuring 


Helipot  Corporation.  Newport  Beach.  California 
a  diviaion  of  Beckman  InatnimenU,  Inc. 
Enfineering  repreaentativea  in  27  citica. 

potentiometers . . .  diala . . .  delay  lines . . . 

expanded  scale  meters . . . 

rotating  components , . ,  breadboard  parts 
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Beckman*y 


Helipot 
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Built  to  aircraft 
and  missile 
specifica  tiops~\^ 


20  30  40  SO  60 

i  VOLUM€-^T^/MIN 


V'\'' 


The  Aximax  2  vane  axial  fan  is  designed  for  tightly 
packed  “black  boxes”  aboard  aircraft  or  missiles 
where  maximum  cooling  is  mandatory  with  a  minimum 
of  space  and  weight  loss  due  to  the  fan.  Air  delivery 
of  60  cfm  free  air  is  attained  from  a  fan  only  2" 
in  diameter  by  1.5"  in  axial  length.  Weight  is  4.5  ounces. 
Variation  in  driving  motors  include  constant  speed 
20,000  rpm,  10,000  rpm  as  well  as  variable  speed 
Altivar  versions.  The  latter  vary  their  speed 
inversely  with  density  thereby  approaching  constant 
coofing  with  a  minimum  of  power  dram  and  noise. 
Power  requirements  vary  from  400  cps  for  the 
standard  unit  to  1600  cps  for  special  designs, 

1  or  3  phase,  sinusoidal  or  square  wave.  The 
Aximax  2  meets  MIL-E-5400B  and  other  individual  • 
missile  specifications.  Write  today  for  complete 
technical  information  to  — 


)| 


Hi  in.  in  diameter,  4  in.  in  lengtli, 
and  weigliing  only  H  oz.  Unit  in- 
elndes  a  servo  amplifier,  servo 
motor,  jjotentiometer  (single  or 
mnlti-tnrn),  input  power  stepdown 
transformer,  and  gear  train.  Cirelc 
314  on  Reader  Scrsice  Card. 


Variable  Toroid 
encapsulated 

Bitrnki.i.  &  Co.,  Inc.,  10  Pelham 
Parkway,  Pelham,  N.  Y.,  has  an- 
nonneed  a  snhminiatnre  encapsu¬ 
lated  variable  toroid  eqnisalent  in 
electrical  sjxxs  to  the  tyiK's  AT-1 1 
and  A'l’-12  .Xdjnstoroids.  Devel¬ 
oped  especially  for  printed  circuit 
and  similar  light  weight  applica¬ 
tions,  this  variable  toroid  is  com¬ 
pletely  hermetically  sealed  as  there 
is  no  physical  contact  iK-tween  the 
adjusting  screw  and  the  toroid  it¬ 
self.  Stepless  adjustment  of  induct¬ 
ance  over  a  10  percent  range  is 
provided  and  torque  adjustment  is 
such  as  to  preclude  possible  strain 
on  p-e  mounting.  Circle  315  on 
Reader  Service  Card. 


ROTRON 


ROTRON 


mfg.  CO.,  inc. 

WOODSTOCK,  NEW  YORK 

In  Canada:  The  Hoover  Co.,  Ltd.,  Hamilton,  Ont.  , 


Phase  Detector 
1  percent  accurate 

Ad-Yu  Et.ECTRONICS  I.AB.,  InC., 

249  'rerhune  Ave.,  Passaic,  N.  ]. 
'I’vpe  20 5 B  pha.se  detector  is  de¬ 
signed  for  phase  measurement  from 
1 5  me  up  to  500  me,  with  an 
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error  of  0.05  deg  or  1  jx-rcent  of 
the  dial  reading.  It  is  suitable 
for  measuring  performance  char¬ 
acteristics  of  radar  amplifiers,  r-f 
cables,  or  other  transmission  net¬ 
works  where  constant  time  delay 
for  all  frequency  components  is 
important  for  faithful  transmission 
of  signals.  Kssentially,  the  instru¬ 
ment  consists  of  a  continuouslv 
variable  cruxial  delav  line,  hvo  step 
sariable  coaxial  delav  lines  and  a 
sector  sum  ampliher  with  separate 
amplitude  adjustment.  Circle  516 
on  Reader  Scrsice  Card. 


WkTTS 


Pulse  Transformer 
gap-firing 

I.KVIMIIAI.  Ki.KCI  RONU;  I’ROmUMS, 

Inc.,  760  Stanford  Imlustrial  Park. 
Palo  .\lto,  Calif.  .\  new  gap-hrmg 
pulse  transfonner  is  recommended 
for  application  in  crowbar  protcc- 
tise  circuits  to  100  kv.  It  is  rated 
for  a  secondarv  peak  voltage  of 
155  k\.  a  maximum  pulse  width 
of  0.5  /isec,  and  a  maximum  duty 
of  0.002.  The  turns  ratio  is  1  to 
1 5.  stejvup  polaritv-ins  erting.  Cir¬ 
cle  517  on  Reader  Service  Card. 


MODEL  723N  O  TO  12  WATTS 


These  rugged,  compact  units  accurately  measure  and  indicate  the 
RF  power  and  V’SW’R  of  coaxial  transmission  lines.  Each  type  com¬ 
bines  a  frequency  insensitive  bidirectional  coupler  and  complete 
indicator  circuit  in  one  small  case.  .Accuracy  of  power  measurement 
is  1.  5%  of  full  scale. 


Magnetic  Coils 
high  temperature 

Prkcision,  Inc.,  750  Lyndalc  .\vc. 
North,  Minneapolis,  Minn.,  has 
dcsclojK'd  a  group  of  high  tem¬ 
perature  magnetic  coils  designed 
for  critical  applications  under  exact¬ 
ing  conditions  of  humidity,  tem- 
ixrature,  shock  and  vibration. 
Units  are  available  in  sizes  ranging 
from  i  in.  to  2]  in.  diameter  and 
arc  built  to  sjxcification.  Moisture 


*  Alto  availablo  with  UHf,  SNC  and  Typo  C  connoctort 
f  Alto  arailoblo  with  BNC  and  Typo  C  connectors 


for  moro  informtrtion  pfeot*  writo  for  69-pago  tatolog  No,  12 
or  too  Bortrortitt  Buyort'  Guido  or  Bortronit  inginoort  Mattor. 


U.S.  lolton  Relent  No.  3,S9t,390 
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Model  No. 

Frequency  Range 

Power  Range 

RF 

(Mci) 

(Wolt») 

Connectors 

71 2N 

25—1000 

0-2.5;  5;  10  in  3  scales 

N* 

723N 

1000—3000 

0-12  in  one  scale 

Nt 

1 


1^ 


Since  1942  the  Bird  Electronic  Corporation  has 
met  the  challenge  of  a  constantly  growing  electronic 
industry.  Today,  enlarged  engineering  facilities 
demonstrate  our  intention  to  maintain  leadership  in 
our  field.  A  wide  range  of  coaxial  line  instruments 
and  accessories  are  being  designed  to  meet  a 
variety  of  specifications;  and  new  applications 
are  continuously  being  sought. 

In  addition  to  experience  and  established  leadership. 

Bird  has  the  physical  facilities  to  produce  and 
dependably  deliver  coaxial  line  instruments  and  accessories 
meeting  your  highly  exacting  requirements. 

VISIT  BOOTHS  1529  &  1530  AT  WESCON  SHOW 

ELECTRONIC  CORP. 

Express  1-3535 

1800  E.  38  St.,  Cleveland  14,  Ohio 

VAN  OROSS  COMRANT  •  Weodlana  riilU,  Caltfomio 


absorption  is  negligible  under  eon- 
ditions  of  high  humidity.  Unit  will 
withstand  teinjKratiires  up  to  ssO 
F  for  100  hr  and  show  no  exidence 
of  shorted  turns  in  subsequent 
tests.  Circle  318  on  Reader  Sets  ice 
Card. 


Stretch  Cable 
silicone  type 


S  IKK  I  CM  \\  IRK  Cork.,  P.  O.  Hox 
893.  New  Roehelle.  N.  Y.  1  he 
new  silicone  stretch  cable  can  1k’ 
easily  extended  200  percent  and 
retracted  to  its  original  relaxed  si/e. 
'llie  cable  is  durable,  highlv  re¬ 
sistant  to  abrasion  and  wear,  as 
well  as  oil  or  chemical  attack.  Hi- 
electric  strength  is  330  v  per  mil. 
It  can  be  used  where  extremes  of 
temperature  have  to  be  met.  The 
brittle  point  is  less  than  —  1  30  F 
and  4-373  F.  T’ensile  strength  is 
1,500  Ib  per  sq  in.  Terminations 
are  in  spades,  clips,  jacks  or  con¬ 
nectors  as  required.  Circle  319  on 
Reader  Service  Card. 


Rare  Earth  Ferrite 
for  microwave  use 

Microwavk  Chkmicai.s  I.ahora- 
lORY,  Inc.,  282  Sexenth  .\vc..  Nexv 
York  1,  N.  Y.,  is  noxv  producing 
YIG,  yttrium-iron  garnet.  It  has 
extremely  loxx  loss  characteristics 
and  is  said  to  haxc  a  loxxer  noise 
factor  than  ferrites  currently  axail- 
able.  '^'IG  has  a  ferrimagnetic 


*  B 
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under  exacting  conditions 


to  specifications 


of  capacity  change 


ERIE  RESISTOR  CORPORATION 

MAIN  OFFICES  ERIE  PA  U  S,  A 
FldOttll  (Rtl  RR  •HOllT  SRMNCV  MtiS  MRCNTOM.  ONTRRIO  (RNRDt 


resonance  line-width  of  SS  oersteds 
at  9.000  me  and  sO  oersteds  at 
^,000  me.  Saturation  inagneti/a- 
tion  is  also  \erv  low.  .Xpplications 
inelnde  isolitors.  rotators,  and  para¬ 
magnetic  amplifiers.  Company’s 
present  commercial  prcKlnetion  of 
YIC  can  he  had  in  either  rectangu¬ 
lar  or  cvlindric-al  sha|xs.  Circle 
^20  on  Reader  Sersiee  Card. 


Thyrotron 
new  lug  base 

N.mion.m  Ki  i  ci  romcs.  Inc..  C'.c- 
ne\a.  Ill.  \  new  2.s  amjxre  d-c 
thvratron  (XI,-710I.)  is  an  argon- 
mercim  vapor  type  with  the  new 
lug  base.  The  sjxule  terminals  of 
the  lug  base  make  jsositise  contact 
and  eliminate  sixket  heating  and 
.isscx'iated  tronhli-s.  Ratings  ate; 
filament  \olts.  2.s;  filament  current. 
9  am|xres;  aniHle  current.  2.s  am- 
|xres  d-c;  peak  amHie  current.  sO 
am|xres:  and  |xak  inverse  and  for¬ 
ward  \()lts.  l.sOO.  Circle  ^21  on 
Reader  Sers  ice  C'ard. 


make  ERIE  » 
CERAMICON®  TRIMMERS 
a  favorite  for 

ELECTRONIC  INSTRUMENTS 
TEST  EQUIPMENT  and 
MILITARY  APPLICATIONS 


ERIE  Ceramicon  TVimmers  have  an  enviable  reputation 
for  the  qualities  that  are  most  needed  for  satisfactory 
performance.  They  are  dependably  true  to  specifications. 
They  have  remarkable  stability  under  the  most  exacting 
conditions.  They  have  a  capacity  change  that  is  practi¬ 
cally  uniform  throughout  the  full  range. 

The  unique  connecting  strap  on  Ceramicon  BaseTVim- 
mers  eliminates  the  possibility  of  intermittent  contact 
between  the  adjusting  shaft  and  the  silver  pattern.  Fired 
silver  electrodes  are  applied  to  top  of  base  and  rotor,  so 
that  capacity  is  smoothly  changed  by  varying  the  area 
of  overlap. 

ERIF  Ceramicon  Trimmers  and  Custom  Trimmer 
Assembli*..8  are  available  in  a  wide  variety  of  temperature 
compensating  characteristics  and  exceed  the  electrical 
requirements  for  MIL-C8IA. 

These  Erie  THmmers  are  widely  used  in  electronic  in¬ 
struments,  test  ^uipment,  and  military  applications.  The 
smaller  size  basic  ERIE  557  TVimmer  offers  exceptional 
advantage  in  miniaturized  custom  designed  assemblies. 

Complete  description  of  all  ERIE  Standard  TVtm- 
fners  is  included  in  Catalog  314-1  . .  .  Write  for  it.' 


Voltmeter-Amplifier 
10  py  to  1,000  V 

R(H)n  ion  Ki.ectronics  Cori>..  738 
Speedwell  .Xyc.,  Morris  Plains, 
N.  J.  NUxlel  98-A  differential  d-c 
yoltineter-ainplifier  is  designed  to 
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HONEST  JOHN  FIRING  SHOWS  HOW  .  .  . 


General  Electric  Specialty  Heating 
Maintains  Propellant  Temperature 


Successful  launch— and  flight — of  the 
Honest  John  depends  upon  exact  pro¬ 
pellant  temperature  at  the  moment  of 
firing.  A  General  Electric  heating  and 
insulating  blanket — which  shrouds  mis¬ 
sile  from  nose  to  nozzle — provides  and 
maintains  that  temperature! 

Proper  operation  of  many  types  of 
land  and  airborne  equipment,  espe¬ 
cially  at  low  temperatures,  often  depends 
on  controlled  heat  in  the  right  places  at 
the  right  time.  Experienced  G-E  heat¬ 
ing  engineers,  backed  by  complete 
facilities,  have  already  solved  thermal 
conditioning  problems  on  applications 
ranging  from  complete  missiles  and 
airborne  systems  to  tiny  test  instru¬ 
ments. 

LET  US  ANALYZE  YOUR  HEATING 
PROBLEM.  Whether  you  need  a  custom- 


made  prototype,  or  quantity  produc¬ 
tion,  investigate  G-E  “one  stop”  service 
for  specialty  heating  products  tailored 
to  your  specific  needs. 

FOR  MORE  INFORMATION  contact 
your  General  Electric  Aviation  and 
Defense  Industries  Sales  Office  or  send 


Ganarol  Elaciric  Company  | 

Soction  0220-11,  Schonoctody  S,  N.  Y.  | 
Ploato  tond  bullotin  GEA-62tSA,  G-E  | 
Specialty  Hoating  Equipment  | 

.  .  .  for  immediate  profect  j 

...  far  reference  aniy  I 

Name .  | 

Petition .  j 

Company .  I 


City . State . 


ts  Our  Most  tmpoitant  T^o<fuct 

GENERAL^  ELECTRIC 


transistorized 

N.WIGATION  CoMl't'TIR  CORP., 

1621  Snyder  Avc.,  Philadelphia  4?, 
Pa.,  announces  an  all  transistorized 
decimal  counter  on  a  single  plug-in 
card.  'I  he  unit  will  provide  a  four 
line  1-2-4-8  output  code,  with  4  ina 
drive  available  directly  from  each 
of  these  lines,  to  do  useful  work  in 
recording  operations.  It  is  designed 
to  operate  from  negative  pulses  of 
approximately  2  v  amplitude  and  1 
to  2  /isec  in  duration,  and  at  op¬ 
erating  speeds  from  0  to  1 50  kc.  .Ml 
inputs  and  outputs  are  prosided 
through  a  single  18  tab  p-c  con¬ 
nector.  Circle  323  on  Reader  Sers- 
ice  Card. 

Alloys 

high  temperature 

'rKCHAM.OY  Co.,  Inc.,  Rahns,  Pa., 
has  developed  super  alloys  for  a 
variety  of  high  tenux-rature  applica¬ 
tions,  in  wire,  rod  and  strip  form. 
'I  hcy  are  asailable  in  cold-drawn 
wire  and  rod  in  siz.es  from  i  in. 
to  0.002  in.  diameters  and  in  thin 
strip,  0.040  in.  to  0.005  in.  in 
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facilitate  testing  and  measuring  of 
d-c  voltages  which  are  off  ground 
or  superimposed  on  larger  d-c  volt¬ 
ages  etc.  llie  unit  is  direct  read¬ 
ing  in  the  range  of  10  /iv  to  1.000 
V.  It  incorporates  a  high  imped¬ 
ance,  dual  input,  extremely  well 
balanced  to  ground  and  capable 
of  common  mode  rejection  of  let¬ 
ter  than  80  db.  It  utilizes  a  60 
cscle  rejection  filter  which  reduces 
stray  60  cscle  effects  bv  more  than 
60  db.  As  a  d-c  amplifier  it  has  a 
maximum  gain  of  70  db  and  is 
capable  of  amplifying  the  differ¬ 
ential  voltage  input  to  provide  an 
output  of  ±0.5  ma  into  a  1,500 
ohm  load  or  ±H  v  unloaded.  Cir¬ 
cle  322  on  Reader  Service  Card. 


HONEST  JOHN  artillery  rocket  depends  on  G-E  electric  heating  blanket  (in¬ 
set)  to  bring  missile  to  uniform  operating  temperature  before  launching. 


Decimal  Counter 


SOLUTION 


Power  Supplies 
transistorized 

I’owi  R  Dksu.ns,  Inc.,  S9-2S  HOth 
St..  RicIuiumkI  Hill  18,  N. 
MihIcI  IHS  is  (MIC  of  .1  family  of 
|)ortablc  transistori/«l  power  sup¬ 
plies  protected  bv  Robotec,  a  tran¬ 
sistorized  electrcMiic  circuit  prixluc- 
iug  simultaneous  current  and 
voltage  cutoff  upon  external  short 
circuit,  riic  circuit  o|x‘rates  in  ^0 
fisec  reducing  line  input  power  to 
a  negligible  value  bolding  the  power 
supply  cut  off  until  manually  re¬ 
set.  Ilie  power  supply  is  also  pre¬ 
vented  from  being  turned  on  if 
the  output  terminals  arc  short  cir¬ 
cuited.  Range  of  the  unit  is  1-1  5  v 
d-c,  0-1. s  am|K’res.  Regiilatimi  is 
Ixttcr  than  Is  mv  or  0.0s  percent; 
rcspcMisc  time,  less  than  sO  n%cc. 
C^ircle  32?  on  Reader  Service  Card. 


AT 


ptrlirHf  fqiririniih.  wMk  o  M«  w«n  tetywd  HjOOUBO  ml  fln 

TIm  twrfac*  ml  ik«  mHMa  tiiM  <oiMw4  sfAlt  itt  a^ncl  liifcfltWi 

•rtiM  kMvm  Ivnf  •<  hifk  tp««d.  ora  Mot  ra^tra4  ta  foNaw  Mm  too  Mors 

ml  wira  adadiitft,  Htarofora,  wiUi  vary  low  brw*li  protiura*  wtii«fc  lahaaca  ^at  IMo, 
as  w(p«(%Mnca  eccvrt  ol  high  (|MoMt.  . 

TIm  dMlMity  at  Hia  ratlttoaca  alaaiaMt  Moat  not  MaM"M  mmom  a  aiatB^dr.ltka 
arWm.  Maltef*  ml  Hm  potantiotaaMr  itM/atara  Moot  aat  acaar  twMMaaty.  hai  ooy 
partorwooca  it  praMvol.  Tkii  toiM«*a  choroctarhtk  ankaacat  ralia 
illM  (atarat  ofaiatl  eataitraptik  lytMn  lailaro  at  trltkal  tiatat 


Radar  Picture  Tube 
high  resolution 

W’kSTINC.IIOUSF.  Ki.KCTRONIC  rUBE 

Division,  P.  O.  Box  284,  Klinira, 
N.  Y.,  has  asailable  a  high  resolu¬ 
tion  radar  picture  tulx  (\VX37sl) 
for  ii.se  in  radar  and  other  mihtarv 
and  industrial  systems.  It  produces 
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CONQUEST  OE  SPACE 


667  lines  to  the  inch  or  a  scanning 
line  only  0.0015  in.  wide  across  the 
5-in.  faceplate.  'Fliis  is  one-third 
the  width  of  scanning  lines  pro¬ 
duced  by  previous  tubes,  llie  tube 
is  1 3  in.  long  and  is  of  the  electrrv 
.static  focus,  magnetic-deflection 
type.  Circle  326  on  Reader  Service 
Card. 


V-R  Power  Supply 
transistorized 

Kkpco  L.vbor.m'orif.s.  Inc.,  131-38 
Sanford  Ave.,  Mushing  55,  N.Y. 
Model  SC-36-0.5  compact  supply 
delivers  0-36  v,  0-0.5  ampere.  Reg¬ 
ulation  for  line  or  load  is  less  than 
0.1  jxTcent  or  0.003  v,  whichever 
is  greater.  Ripple  is  less  than  1  mv 
rms.  Recoverv-  time  is  less  than  50 
/xsee.  Stabilitv  for  8  hours  is  less 
than  0.1  percent  or  0.003  v,  which¬ 
ever  is  greater.  Operating  temjxra- 
ture  range  is  50  C  maximum.  I'em- 
perature  crxfficient  is  less  than 
.05  pxrcent  per  deg  C.  Output 
impedance  is  less  than  0.04  ohm. 
Circle  327  on  Reader  Sersiee  Card. 


There  are  some  who  find  fulfillment  in 
boundless  outer  space.  And  more  power 
to  them! 


But  those  of  us  who  still  have  our  feet 
on  the  ground  also  find  real  challenges 
in  less  expansive  surroundings. 


With  the  aid  of  a  medium-power  microscope 
and  several  years'  experience  with  fluoro- 
chemical  designs,  we  successfully  pack 
4  filter  reactors  and  a  350  VA  power  trans¬ 
former  into  60  cubic  inches  of  hermetically 
sealed  inner  space.  Result  is  6  pounds  of 
streamlined  reliable  power  for  small  space 
platforms. . .proved  in  performance  in  '58- 
model  missiles  and  (pardon  the  expression) 
aircraft . 


Have  slide  rule... 
will  travel.  You  can 
reach  us  at : 


Raytheon  Manufacturing  Company 
Magnetic  Components  Department 
Section  6120 

Waltham  54,  Massachusetts 


Altitude  Chamber 
walk-in  type 

Amkrican  Rkskarcii  Corp.,  Farm¬ 
ington,  Conn.  Although  this  walk- 
in  altitude  chamlxT  has  a  free  test 
spiice  of  10  ft  by  12  ft  bv  12  ft 
deep,  it  is  completely  pre-tested  at 
the  factors'  before  delivery.  Thor¬ 
ough  performance  checking  is  nec¬ 
essary  there  because  the  chamlx'r 
must  reduce  pressure  to  a  simu¬ 
lated  altitude  of  100,000  ft  in 
se\en  minutes.  Temjxrature  range 


Excellence  in  Electronics 


Auaust  15.  ?958  —  ELECTRONICS  enaineerina  edition 


CIRCLE  93  READERS  SERVICE  CARD 


1 


You  can 


GERMANIUM  WASTE 


with  these  new  paper-thin 

Felker  Diamond  Blades  ! 


Using 

Thermistors 

Edited  by 

FENWAL  ELECTRONICS 


THERMISTOR  PROBE 
ASSEMBLIES 

Fenwal  Elwtronics’  new  thermistor 
probe  asst'mblies  enormously  simplify 
an  enRineer’s  design  and  development 
problems.  Developer!  and  built  by 
Fenwal  to  your  specifications,  each 
a.ssembly  is  a  ready-to-use,  easy-to- 
handle  unit  incorporating  all  the  qual¬ 
ities  that  make  Fenwal  Electronics’ 
thermistors  outstanding  —  sensitivity, 
stability,  reliability,  fast  response, 
light  weight,  and  small  size. 


eliminates 

distortion 


Model  104  Distortion  Eliminating  Voltage 
Regulator  responds  to  transient  surges  and 
harmonics,  as  well  as  to  normal  variations 
from  line  and  load  changes  . .  .corrects  for 
pure  sine  wave  deviations  up  to  lO'A  in 
less  than  125  microseconds. 

It  cuts  man-hour  loss  in  design  and  man¬ 
ufacture  of  aircraft  and  missile  electronic 
systems  where  line  fluctuations  or  distor¬ 
tion  cause  inaccuracies  .  .  .  increases  servo 
and  computor  stability  and  accuracy  ...  is 
invaluable  for  standards  and  other  labora¬ 
tories  where  highest  instrument  accuracy  is 
essential.  By  eliminating  surges,  it  increases 
equipment  life. 

Price:  $1875  f.o.b.,  Carlstadt.  N.  J.  Also 
in  60  cps  model.  Write  today  for  complete 
facts. 
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r«gulotiOfi  ±1%  •!•€* 
tronically 

r«iponM  135  micro«*<oiids 
dutortiofi  •liminotioA  to 
lots  ttiofi  0.  3% 


rogwlofiofi  ^  1%  oloctro- 
mocHofitcoMy 

rotooo$#  30  V/to€ 


CURTISSWRIGHTei 


Thro*  •iomp|«t  of  comploto  fhormttfor  probo 
ottombho*  Foowol  Poctrooki  Hot  ood 

bviH  to  cuttomort*  tpoctfkotiont. 

Fenwal  Electronics  develops  and 
liuilds  complete  atwemblies  to  various 
configurations  and  temperature 
ranges  for  sfiecific  applications.  Probes 
can  be  completely  interchangeable,  and 
have  identical  resistance-temperature 
characteristics. 

Engina-r»:  Fenwal  Electronics  now 
has  a  thermistor  kit  No.  CPJOO,  which 
includes  12  different  individually  pack- 
agtnl  thermustors,  each  with  complete 
data,  for  development  work.  $19.95 
f.o.b.  Framingham. 

Write  h’KNWAi,  F]i.K('TK<)NI(  S,  Inc., 
27  Mellen  Str(>et,  F'ramingham,  Ma.ss., 
for  Bulletin  E.M-l.'l,  describing  nine  of 
the  many  thermistor  probe  a.s.semblie8 
Fenwal  Electronics  can  build  for  you. 
Or  write  for  the  Fenwal  Electronics 
catalog  (EMC-2). 


Here’s  good  news  to  all  cryst.il  eiitlers, 
gennaniiiin.  (in.irt/,  silicon,  barium  titanato, 
etc.!  Felker  1)1-MKT  metal  liondetl  diamond 
blades  are  exceetlingly  thin,  urcatly  reducing 
amount  of  cxfH’usiie  crystal  lost  in  the  cut! 
Sivcial  blades  are  supplietl  for  either  wafering 
t)r  dicing  insuring  maximum  efficiency  and 
savings  of  material! 

Fast  cutting,  snuxith  finishes,  long  blade  life, 
utmost  reliability... you  get  them  all  in  Felker 
l)l-.\tKT. ..  originators  of  the  first  commercial 
diamond  abrasive  cut-off  blades! 

Available  from  i/oiir  Felker 

nistrihutor  ...or  write  direet. 


A/xn-e; 

FOR  DICING 
TYPE  OIT 

Available  as 
thio  a(  .006" 


Bclotc: 

FOR  WAFERING 
TYPE  DITR 
Available  as 
thin  as  .013" 


Torrance,  California 


Design  —  Engineering  —  Production 
of  Precision  Thermistors 
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FREE  •  -  -  Revised  lERC  Heat- 
Dissipating  Tube  Shieid  Guide! 


is  from  —100  F  to  +200  F  or 
higher,  and  internal  vibration  is 
provided  at  all  temperatures  and 
altitudes.  Circle  328  on  Reader 
Service  Card. 


Thermal  Relay 
for  missile  use 


llucni’.s  PRomrcis,  International 
.•\irport  Station,  Los  Angeles  4\ 
Calif.,  announces  a  one-time  oper¬ 
ating.  single-pole  thermal  relay, 
with  a  faultless  hermetic  seal. 
Small  size,  positive  operation,  and 
convenience  of  location  adjacent  to 
desired  components  arc  advantages 
eJaimed.  Three  steps  occur  within 
the  relay  when  an  electric  signal 
is  triggered:  (1)  Tiring  effects  the 
release  of  constrained  contact.  (2) 
Contact  closes  upon  a  fixed  con¬ 
tact  point.  (3)  Switch  circuit  be- 
I  comes  permanently  closed.  Circle 
329  on  Reader  Service  Card. 


Transistors 


Heat-9i»tipatinf  electron  tube  shields  far  miniature,  subminiature  and  octal  power  tubes. 


MORE  THAN  1,200  ELECTRON  TUBE  AND  SHIELD  COMBI¬ 
NATIONS  FOR  IMPROVED  ELECTRON  TUBE  RELIABILITY 
ADDED  TO  REVISED  EDITION.  Thousands  of  original  lERC  Guides 
are  in  daily  use  everywhere!  Newest  edition  is  sent  FREE  on  request. 
Over  25  pages  of  easy,  thoughtfully  referenced  listings  and  fold-out 
spread  of  photos  designed  for  fast  familiarization  and  accurate  use  of  the 
lERC  Guide.  Latest  lERC  Heat-dissipating  Tube  Shields  are  included  — 
help  you  select  proper  shields  for  new  design  and  retrofitting  applications. 
You  won't  want  to  be  without  this  valuable  information  package  if  you’re 
designing  for  maximum  equipment  reliability —  so  easy  to  achieve  with 
lERC  Heat-dissipating  Electron  Tube  Shields  for  effective  electron  tube 
cooling  and  retention  under  severest  shock  and  vibration  environments ! 


International  Electronic  Research  Corporation 


145  West  Magnolia  Boulevard,  Burbank,  California 


germanium  type 

Gknkr.m,  Fi.ectric  Co..  Syracuse, 
N.  Y.,  announces  a  line  of  four  new 
pup  mcxliiim  s|x:txl  switching  tran¬ 
sistors  having  less  than  a  20  per¬ 
cent  change  in  hru  and  L,  after 
4,000  hours  storage  at  100  C. 
IF.'IKC  tvpe-clesignatcd  2N394, 
2N393.  2N396  and  2N397  they  arc 
designed  for  use  in  digital  com¬ 
puters  ami  other  switching  applica¬ 
tions  where  highly  stable  compo¬ 
nents  arc  required  for  maximmn 
overall  equipment  rcliabilih’.  Bul¬ 
letin  F,CC-293  contains  character¬ 
istic  curses  and  complete  ratings. 
Circle  330  on  Reader  Service  Card. 


For  a  free  copy, 
write  on  company 
letterhead  to: 
Dept.  TSG, 


state, 


Producers  of 

Guidance  Slip  Rings 
for 

BOMARC'*' 

POLARIS 

THOR 


AMPlRITll 

PRIFERRED 

by  design  engineers — because  they’re 
MOST  COMPACT  •  MOST  ECONOMICAL 
SIMPLEST  •  HERMETICALLY  SEALEO 


»  ^  • 


^Sales  Ef 


60  RING 
BOMARC 
SLIP  RING 


Experience  on  Projects  such  as: 

•  JUPITER  ‘X”  •  NIKE 

•  JUPITER  •  CORPORAL 

•  REDSTONE  •  NAVAHOE 

•  ATLAS  •  AND  OTHERS 

L  Write  for  illustrated  brochure 


SLIP  RING  COMPANY  OF  AMERICA 

t  3612  WEST  JEFFERSON  BLVO.Dtpt.  MO 
LOS  ANGELES  16.  CALIF. 

throughout  the  U  S.  tr  Canada 
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sending  a  bill? 


It'll  get  there  quicker  if  you 
give  your  postal  delivery  zone 
number  with  your  address. 

The  Post  Office  has  divided 
106  cities  into  postal  delivery 
zones  to  speed  moil  delivery. 
Be  sure  to  include  zone  number 
when  writing  to  these  cities;  be 
sure  to  include  your  zone 
number  in  your  return  address 
—after  the  city,  before  the 


-AMPMJTf 

delay 

relay 


AIm  —  Ampcritc  Diff*rtntial  Re¬ 
lays:  Used  lof  automolH  overlood,  un- 
def'voltoge  or  vndet-rurrent  protection 


Thermostatic 
DELAY  RELAYS 

2  to  1 80\  Seconds 

Actvotod  by  a  heoler,  they  operate  on 
A.C.,  D.C,  er  Fulsotinq  Current. 

Hermetically  sealed.  Not  affected  by 
altitude,  moisture,  or  climate  changes. 

SRST  only — normally  open  or  closed. 

Compensated  tor  ambient  temperature 
changes  from  — $$*  to  70'  C  Heat¬ 
ers  consume  opproximately  2  W.  and 
enoy  be  operoted  continuously.  The  units 
ore  rugged,  explosion-proof,  long- 
lived,  ond— inexpensive! 

TYPES:  Stondord  Rodio  Octal,  ond  9- 
Pin  Minioture  .  .  .  List  Price,  $4.00. 

Standard  Delays 


PROBLEM?  Send  for  Bulletin  No.  TR-81 


BALLAST 

REGULATORS 

Amperite  Regulators  are  designed  to  keep  the 
current  in  a  circuit  automatically  regulated 
at  a  derinite  value  (for  exomple,  O.S  omp.) 
...  For  currents  of  60  ma.  to  S  amps.  Operote 
on  A.C.,  D.C.,  or  Pulsoting  Current. 


T-  VOLTAGE  or  MV  •  WITH  AMVIRITI 
*  '  •XTTCTT  t  CHARGER  [  VOLTAGE  VARIES 


VARIES  APfROS 


50%  i  2% 


Hermetically  sealed,  they  ore  not  affected  by  changes  in  altitude, 
ombient  temperature  ( — 5S  to  -90’  C).  or  humidity  . . .  Rugged, 
light,  compoct,  most  inexpensive . List  Price,  S3.ti0. 

Write  for  4-page  Technical  Bulletin  No.  AB-51 

A 

rW  MPIRITC  CO.  Inc.,  561  Broadway,  New  York  12,  N.  V. 
t  T«t*phen4:  CAnol  A-1446 


In  Canada  Atlas  Radio  Corp.,  ltd.,  SO  Wingold  Ave., {Toronto  10 
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Welders’  Helmets 


Literature  of 

MATERIALS 


A  few  typical  applications  of  Taylor  Vulcanized  Fibre 


132 
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Golf  Club  Face  Inserts 


Motor  Insulation 


COMPONENTS 


Bobl)inlt‘Ss  Wire  Fixed  Resistors. 
Chicago  Telephone  Supply  Corp.. 
Flkhart,  Ind.  Two-page  data  sheet 
171  gives  new  detailed  coinparatise 
data  report  on  a  line  of  bobbinless 
precision  wire  fixed  resistors.  It 
describes  and  illustrates  20  rec¬ 
tangular  and  tubular  resistors  in¬ 
cluding  cutaway  section  picturing 
the  new  floating  element  construc¬ 
tion.  Circle  332  on  Reader  Service 
Card. 


Sliding  Door  Guides  |  Shuttles  and  Bobbin  Heads 


Vulcanized  Fibre 
Is  Versatile 


iau/or 

lAMINATfD  PtAST/CS  M  VULCANIZED  FIBRE 


\  Capacitors.  Vitrainon,  Inc.,  P.  O. 

Box  344.  Bridgeport  1,  Conn.  .\ 

I  four-page  brochure  illustrates  and 
describes  the  company’s  complete 
line  of  capacitors.  It  shows  how  the 
manufacturing  process  of  bonding 
the  vitreous  enamel  dielectric  to 
finc-sil\cr  electrodes  results  in  su- 
pc-rior  pcTformance.  Circle  333  on 
Reader  Service  Card. 


F.lectrolvtic  Capacitors.  Illinois 
Condenser  Co.,  1616  N.  'Ihroop 
St..  Chicago  22.  Ill.  A  four-page 
catalog  gives  complete  data  on  the 
tvpe  S\TT  subminiature  tubular 
electrolvtic  capacitors  including 
voltage  range  and  temperature 
ranges.  Listed  in  simple  chart  form, 
the  information  is  easy  to  use  for 
reference.  Circle  334  on  Reader 
Service  Card. 


Semiconductor  Products.  Texas 
Instruments,  Inc.,  P.O.  Box  312, 
Dallas,  Tex.  A  new  six-page  folder 
gives  complete  technical  specifica¬ 
tions  for  a  wide  line  of  semicon¬ 
ductor  products.  Included  are  sili¬ 
con  and  germanium  transistors, 
silicon  diodes  and  rectifiers,  preci¬ 
sion  film  resistors,  solid  tantalum 
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Carrying  Cates 


Switch  Parts 


Abrasive  Discs 


.  Radioactivity  .\bsorbers.  Nu- 
I  clear-Chicago  Corp.,  229  W’.  Frie 
St.,  Chicago  10,  111.  A  packaged 
set  of  radioactivitv  absorbers,  con¬ 
sisting  of  24  lead  and  aluminum 
I  disks,  is  descrilx'd  in  a  new  specifi- 
!  cition  sheet.  Circle  331  on  Reader 
I  Senice  Card. 


The  applications  of  Taylor  Vulcanized  Fibre  are  many  in 
number.  This  is  because  of  its  many  unusual  characteristics. 
It  is  a  hard,  dense  material  with  excellent  physical,  mechanical 
and  electrical  properties.  It  is  tough  and  resilient;  has  high 
resistance  to  impact,  abrasion,  wear,  organic  solvents,  oils 
and  gasoline;  it  can  be  machined,  stamped,  punched  and 
formed;  it  is  attractive  in  appearance,  light  in  weight. 


Taylor  Vulcanized  Fibre  is  available  in  a  number  of  different 
grades,  in  sheets,  rolls  and  turned  rods.  Undoubtedly  you  have 
an  application  where  the  unique  properties  of  vulcanized  fibre 
can  be  put  to  work  in  your  product.  A  Taylor  application 
engineer  will  be  glad  to  discuss  requirements  with  you  and 
recommend  the  best  grade  to  fit  them.  Get  the  benefit  of  his 
advice  by  contacting  Taylor  Fibre  Co.,  Norristown  40,  Pa. 


S«t  Our  COMPLETE  INSTRUMENTATION  DISPLAY  at  WESCON— BOOTHS  1645  t  1646 


the  Week 


FOR  SCIENCE  and  INDUSTRY 

7^- 


c;ip;icitors,  Scnsistor  silicon  resist¬ 
ors,  and  diffused  base  gcnnaniuni 
transistors.  Circle  335  on  Reader 
Seniee  C'ard. 


EQUIPMENT 


CanitrnI  Reactor  Manual.  Chi- 
c-ago  Magnetic  Control.  Iblb  N. 
Daincn  .\vc..  Chicago  47,  III.  A 
32-pagc  manual  illustrates  and  de- 
scrilrcs  4H  jolvrated  c-outrol  reactors. 
Sensitivitv  range,  circuit  design  and 
control/output  ratios  are  cosered. 
Circle  336  on  Reader  Seniee  Card. 


•  10  CPS  to  100  KC 

•  Calibrated  Duration  and  Delay 

•  Block  Unitized  Construction 


LOW  IMPEDANCE 


Metal  Fabricated  Products.  F.lec- 
tronics  Division.  Van  Norman  In¬ 
dustries,  Inc..  186  Granite  St., 
Manchester,  N.  II.  20-pagc  cata¬ 
log  of  metal  fabricated  products 
contains  the  newly  designed  Insu- 
liue  line  of  electronic  housings. 
Circle  337  on  Reader  Seniee  Card. 


Power  l^nits.  Syntron  Co..  Lex¬ 
ington  .\vc.,  I  lomer  Cits .  Pa.,  has 
published  a  ness  selenium  rectifier 
a-c  to  d-c  posser  unit  catalog.  Com¬ 
plete  data  and  specifications  are 
contained  in  the  profusels  illus 
trated  10-p;igc  IxMiklet.  Circle  338 
on  Reader  Seniee  Card. 


An  extremely  versatile  instrument  for 
the  generation  of  accurately  controlled  test 
pulses  — also  provides  gate  pulses,  neg.  triangles, 
and  five  sync,  pulses  in  each  cycle.  Ideally 
suited  for:  Computer  Development. ..Radar 
Test  ...Fuse  and  Relay  Research... Pulse 

Modulation... Transient  Response  Studies... 

General  Pulse  Circuit  Development. 


I'ulK'less  IX'  Power  Supply. 
Sorensen  &  Co.,  Inc.,  Richards 
A\e.,  South  Norwalk,  Conn.,  has 
asailable  a  technical  data  sheet  de¬ 
scribing  their  iiuKlel  M.\28-125 
tubeless  d-c  power  supply.  The 
unit  discussed  has  an  output  of 
0-125  amperes  over  a  regulated 
\oltage  range  continuouslv  \ariable 
from  IS  to  36  v  d-c.  Circle  339 
on  Reader  Service  Card. 


•10  CPS  to  100  KC  Rep.  Rate  •  0  to  10,000  /ts  Delay  _ 
•  .1  to  1,000  /iS  Pulse  Width  •  80  V  Amplitude  (open 
circuit)  •  93  Ohms  Internal  Impedance  •  .02  ^s  Rise  Time 
•Twin  Pulse  or  Advanced  Pulse  Connection  - -er** 

Writ*  ter  Complete  Dote :  Our  Bulletin  2t20A/l 


FACILITIES 


The  Model  2120A  Pulse  Generator  is  one  of  a 
series  of  Electro-Pulse  precision  instruments. 

Others:  Analog  and  Digital  Time  Delay 
Generators,  Pulse  Oscillators,  Magnetic  Core 
Testing  Equipment,  and  Megacycle  Pulse  Generators. 
1 Modal  IStOA  LONG  TIME  DELAY  GENERATOK 


Resistor  Testing.  Mcpco,  Inc., 
Morristown.  N.  ).,  is  offering  an 
illustrated  20-pagc  brochure,  en¬ 
titled  “I'actual  Resistor  Reliabil- 
itv,"  which  descriltes  lit  detail  the 
noudestructive  eoiiditiouiiig  and 
testing  inocedttres  used  oti  the 
compaitv's  line  of  high  reliabilitx 
precision  resistors.  Chreic  340  on 
Reader  Sersice  C'ard. 


Representatives  in  Major  Cities 


11861  TEALE  STREET.  CULVER  CITY,  CALIFORNIA 
Telephones:  EXmont  8-6764  and  TExas  0-8006 
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PLANTS  and  PEOPLE 


Ling  Acquires  Sixth  Firm 


AcguisrnoN  of  United  F'lectronics 
Co.  of  Newark,  N.  J.,  makes  the 
sixth  wholly  owned  subsidiarx'  taken 
on  by  Ling  Electronics,  Inc.,  Cul¬ 
ver  City,  Calif.,  in  the  past  two 
years. 

.\nnounced  purchase  priee  was 
S7  50,000  paid  in  cash  and  65,000 
shares  of  common  stock  of  Ling. 
In  return.  Ling  acquired  all  of 
United’s  common  stock. 

lop  management  of  two  firms 
gathered  following  completion  of 
the  tran.saction  arc  (above,  1  to  r): 
james ).  Ling,  chairman.  Ling  board 
of  directors;  John  R.  Beers,  United 
\  ice-president  in  charge  of  research 
and  engineering;  Charles  A.  Rice, 
president  of  United,  and  Cameron 
G.  Pierce,  president  of  Ling. 

United  Electronics  is  a  25-year- 
okl  company  involved  in  design  of 
liigh-energv',  special-purpose  therm¬ 
ionic  tubes  and  fixed  and  variable 
ceramic  vacuum  capacitors.  Its  pro¬ 
prietary  products  arc  used  in  radar, 
physiotherapy,  radio  frequency 
power,  radio  transmission  and  ul¬ 
trasonic  instrumentation  applica¬ 
tions. 

Ling  Electronics  is  a  pioneer  in 
the  design  and  manufacturing  of 
high-power,  electronically  driven 
systems  for  random,  complex  and 
sine  wave  vibration  testing.  These 
systems  include  high-prnvcr  vibra¬ 
tion  generators,  systems  consoles 
and  other  specialized  equipment 
necessary  to  duplicate  in  laboratory 
testing  the  intense  vibrations  en¬ 
countered  by  jet  aircraft,  missiles 
and  rockets  in  flight. 


The  parent  company  recently 
movtxl  from  its  former  Los  .\ngclcs 
location  into  a  large  new  manufac¬ 
turing  plant  and  offices  in  Culver 
City.  llie  pkmt  covers  58.400 
sq  ft  of  floor  space  and  represents 
an  investment  in  excess  of  S500,- 
000.  Beskles  providing  increased 
floor  spaee  for  assembly  line  and 
specialized  manufaeturing  opera¬ 
tions,  the  new  headquarters  houses 
engineering,  stock  room  and  ware¬ 
house  facilities,  research  labora¬ 
tories,  and  offices  for  engineering 
and  administrative  personnel. 

Maryland  Firm 
Expands 

To  PROvinK  additional  space  for  its 
manufacturing  activity,  .\ircraft 
Armaments.  Inc.,  Cockcysvillc, 
Md.,  has  leased  a  nevvlv  con¬ 
structed  building  in  lowson. 
Designated  as  Annex  k’,  the  new 
building  is  the  sixth  annex  acquired 
by  the  organization  since  moving 
into  its  main  plant  in  September 
1954. 

Brauer  Joins 
Fansteel 

Howard  IL  Brauer  has  joined  Fan- 
steel  Metallurgical  Corp.  as  staff  as¬ 
sistant  to  Glen  Ramsev,  v-p  and 
general  manager  of  the  company’s 
rectifier-c“apacitor  division.  Ilis  prin¬ 
cipal  activities  are  svstems  and  pro¬ 
cedures  in  accounting,  production 
controls,  scheduling  and  marketing. 


pjirticularly  the  mechanization  of 
these  procedures  with  punched 
cards. 

Brauer  eomes  to  kansteel  after 
10  years  at  Bell  &■  Howell  Co.  as 
chief  electronics  engineer. 

U.  S.  Edcor  Moves 
To  Phoenix 

'Liif.  r.MiRK  administrative  and 
manufacturing  facility  of  U.S.  Elec¬ 
tronics  Development  Corp.  recently 
moved  from  C^lendale,  Calif.,  to 
I’hoenix,  Ariz.  The  new  55,000  sq 
ft  plant  is  devoted  entirely  to  the 
research  engineering  and  produc¬ 
tion  of  electronic  cajxicitors  for 
commercial,  industrial  and  military 
use. 


General  Devices 
Names  Director 

Wamkr  C.  joiiNSON  (pictured, 
left)  chief  consultant  of  General 
Devices.  Inc.,  Princeton.  N.  ).,  is 
appointed  a  director  of  the  com- 
p;my,  as  announced  by  its  jrresi- 
dent,  John  Brinster  (right). 

General  Devices  specializes  in 
multichannel  instrumentation  de¬ 
vices,  creating,  engineering  ami 
manufacturiiig  components  and 
systems  for  .scientific,  military  and 
industrial  uses. 

Collins  Division 
Reorganizes 

'I’liK.  Texas  Division  of  Collins 
Radio  Co.  has  consolidated  re¬ 
search,  development,  sales  and 
manufacturing  activities  to  coneen- 
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filaxer  Action  in  Ruhy,  Ity  C.  Makliov,  C.  Kikurhi.  J.  I.unilie.  aiui 
R.  ^ .  Terhiine.  “Phyoiral  RrvirH,”  Vol.  109,  No.  I.  p.  1.199,  Pel*. 
l.j.  19.18. 

**LlDde**  Aod  *'UnloD  Ctrbid^'*  are  rrgitterpd  trade-mark*  of  I  nion  Carbide  CorporaiioR. 
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CIRCLE  202  READERS  SERVICE  CARD 


MASER 


The  Maser  i»  a  nuerowave  amplifier  utilizin|[  energy  stored 
in  a  innierular  or  aloinie  system.  Emission  of  energy  is  stimu¬ 
lated  hy  the  input  signal.  Masers  operate  at  liquid  helium 
temperatures  and  have  low  noise  levels,  approaching  zero  dh. 


l^eeently,  a  university  research  laboratory t  used  LiNDK 
single  crystal  synthetic  ruhy  (  AI^.O,.}  with  (ir^jOj  additive)  in 
a  three-level  solid  state  Maser.  The  ruhy  crystal  was  placed 
in  the  Maser's  tuned  cavity  and  a  magnetic  held  of  4200  gauss 
was  applied.  To  bring  electrons  from  a  ground  state  into  a  per¬ 
missible  higher  energy  level,  a  pumping  frequency  of  21  kMc 
was  used  and  the  Maser  amplified  signals  at  9.3  kMc. 

l.tNDE  supplies  other  crystals,  including  rutile,  spinel.  an<l 
sapphire.  (  ALO^,).  Sapphire  is  used  in  infrared  optical  sys¬ 


tems,  windows  for  higher  power  microwave  tubes,  spacers 
and  supports  in  \acuuni  tubes,  radiation  pipes.  It  has  strength 
at  elevate<l  temperatures,  melts  at  2040°('..  is  hard,  inert,  non- 
poroiis,  and  ran  he  sealed  to  metals  and  glasses.  Sapphire  is 
available  in  the  shape  of  domes,  windows  to  4\4  inches  in 
diameter,  rods  and  special  configurations. 

For  more  information,  write  Crystal  Products  Department, 
l,l>t»E  (.OMPAMY,  Division  of  Union  C.arhide  Corporation,  30 
East  42nd  Street.  New  York  17,  N.  Y. 


For  Fast,  Easy 
Printed  Circuit  Repair 


5  assorted 
tips  for  every 
de-soldering 
operation 


Ungan 


DE-SOLDERING  KIT 

#270  Popular  lightweight  pencil  handle  with  S 
assorted  tips  for  every  de-soldering  operation.  Slotted  tip 
that  melts  solder  and  straightens  bent  or  folded  tube  tabs. 
Bar  tip  for  straight  line  de-soldering.  3  different  size  cup 
tips  that  de-solder  tube  tabs  and  center  pin  in  one  simple 
operation.  In  goldtone  metal  case.  List  $S.9S  each. 


tratc  on  microwave  communication 
.systems.  The  emphasis  on  micro- 
wave  spcciali/ation  has  been  accom- 
plislied  by  divisional  reorgani/..ttion, 
selection  of  key  personnel  and  addi¬ 
tion  of  microwave  specialists. 

The  company’s  backlog  in  the 
microwave  business  is  approxi¬ 
mately  S9  million,  and  includes 
orders  from  the  CAA  for  its  na¬ 
tional  air  traffic  control  systetn  for 
the  jet  age  aircraft. 
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Hull  Elected 
EIA  President 


,\t  ms  rf.ckm  Hth  .\nnual  Con¬ 
vention  in  Chicago,  the  Klcctronic 
Industries  .\ssociation  elected  David 
R.  Hull  president. 

A  vice  president  of  defense  pro¬ 
grams  of  the  Raytheon  Mfg.  Co., 
W'altham,  Mass.,  Hull  succeeds 
R.  G.  Baker,  who  retired  last 


Navy  Presents 
High  Award 


l  iiE  Navy  Certificate  of  Merit,  one 
of  its  highest  honors,  was  recently 
awarded  the  Cooke  Knginecring 
Co.,  .Mexandria,  V'a.  Nelson  M. 
Cooke  (pictured,  right),  company 
president,  accepted  the  award  from 
Rear  .\dmiral  .\.  G.  Mumma,  act¬ 
ing  for  the  Secretarv  of  the  Navy. 

Specificallv ,  the  award  was 
granted  for  the  suca’ssful  ac¬ 
complishment  of  the  emergency 
“turnkev”  project  of  effecting  the 
systems  design,  planning,  prov  ision¬ 
ing.  installing,  “checking-out”,  and 
turning  over  to  the  Navv  an  exten¬ 
sive  radio  communications  facility 
at  Londonderry,  Northern  Ireland. 
The  entire  project  was  completed 
in  six  months. 


CO  m  po  n  e  nts. 


\A^r//e  for  complete  details  and  new  catalog 

Ungar  Electric  TccUJnc. 

4101  Redwood  Avenue,  Los  Angeles  66,  California 


COME  TO  BOOTH  228 


See  this  new  de-soldering 
technique  demonstrated 


&  WELWYN 

High  Stability 
Carbon  Resistors 


Uniformity  and  reliability  are  essential  criteria  in  the  selection  of  critical 
components.  Availability  is  another.  And  these  relate  directly  to  the  experi¬ 
ence  and  facilities  of  the  manufacturer. 

Four  full-time  Welwyn  Plants  in  Britain  and  in  Canada  are  today  supplying 
a  steady  flow  of  precision  resistors  to  meet  an  ever-growing  American 
demand.  With  sales  engineering  and  service  facilities  operating  out  of 
Ohio,  these  Welwyn  users  in  the  U  S.  are  enjoying  prompt,  efficient  and 
reliable  handling  of  all  their  quality  resistor  requirements. 

The  Welwyn  organization  has  been  devoted  to  the  study  and  development 
of  carbon  film  techniques  for  nearly  a  quarter  of  a  century.  The  value  of 
this  experience  is  being  constantly  demonstrated  in  the  superior  perform¬ 
ance  and  dependability  of  Welwyn  Orbon  Resistors  in  critical  applications. 

For  complete  information,  write  to: 

WELWYN  INTERNATIONAL  INC. 

33))  Edgecliff  Terrace,  Cleveland  11,  Ohio,  or  phone  WInton  1-1333 


CIRCLt  204  READERS  SERVICE  CARD 


AAINC.  MODEL  2830 

MISS*  DISTANCE 
MEASURING  SYSTEM 

AN/USQ.11 

developed  by  Naval  Ordnance  Laboratory,  Silver  Spring.  Maryland 
product-engineered  and  produced  by  Aircraft  Armaments,  Inc. 


AIRCRAFT 

Armaments,  inc 

Cockeysville,  Maryland 


FOR  TARGET  DRONES 


¥' 


OUTSTANDING  FEATURES:  Meets  MIL-E-5272A 


5400B,  16400  —  provides  data  In  2  min 


requires  transponder  In  drone  only 


salvo  firings  --  determines  miss  on  multiple 
targets.  Target  equipment  (less  power  supply) 
under  2  lbs.  Accuracy  confirmed  by  field  tests. 


TARGET 

TRANSPONDER 


A  SUBSIDIARY  OF  UNITED  INDUSTRIAL  CORP 


f  SYNONYMOUS  ^ 

d&t* 

-r  c=>. 

FLUTTER 

METERS 

For  the  most  complete  line  of  Rutter  Meters, 
there  is  only  one  source  —  d  &  r  LTD.  From  the 
meters  used  in  simple  maintenance  test  equip¬ 
ment  to  the  most  complex  standardization  and 
analysis  equipment  for  missile  flight  systems  and 
telemetering  systems  -  we  make  them  all. 
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WIDEBAND  FLUHER  MEHRS 


MOOEl  FI  30  FLUTTER  AND  WOW  METER 


FMiurm 

A  convwwtt  mstrwnefit  all  modtrrtr  cost  for  uso  m  fioiO  moin- 
toninct  of  music-systtoi  tap*  rocordors  and  rtproducars.  and 
plwnocrapii  tumtaMas. 

SpecMcstfom 

Carritr  frtqutncy  -  3000  cps.  stabiliiad  oscillator 
BandwidtA  -  within  3  db  to  2S0  cps  modulation 
Bandwidth  Stiactlon  -  0.S  to  6  cps.  6  to  ZSO  cps.  O.S  to  2S0  cos 
ScaMRaices-  2%  aid 0 S%  full  scalo rms 
Rrtor  $225.00 


MOOEl  FL  48  WIDEBAND  FLUTTER  METER 


Footum 

A  vary  sonsitnt  broadband  mstrufliont  for  laberatory  usa  m  tho 
praciat  moasuranwnt  of  small  amounts  of  ftentr  with  compo- 
nants  up  to  SOOO  cps.  Most  frtquantly  ustd  m  talamttsrini  and 
data  raductlon  systams. 

SpodflcaUam 

Carmr  Frapuncy  •  M.SOO  cps.  crystal  controlltd 
Bandwidth  -  Oc  to  SOOO  cos  within  6  db 
Bandwidth  Sataction  -  Full  ran|t  abow.  O.S  to  30  cps. 

30  to  300  cps,  300  to  SOOO  cps. 

Scald  Ranfcs  -  02%.  0  6%  and  20%  rms  full  scale 
Drift  Matar  -±20%  fitquancy  chanja  d.c.  to  4  cps 
Display  -  3-lncb  flat  facs  osclltoscopo  lor  fluntr  analysis 
Prfew:  $965.00  rack  mountwd.  $1000.00  in  caWnwl 


MOOEl  FL  SA  LABORATORY  STANDARD  FLUTTER  METER 


FoaduTM  . 

An  aitrsmely  stabla  Itamotrstura  controlltd  dtscruiiMialon  m- 
strunwnt  with  great  sansitmty  and  ntendad  bandwidth  far  labo¬ 
ratory  work  In  coonoction  with  procislon  instrumontation  data 
ftcordtrs.  Gahranomottr  outputs  proulded 
SpacIfIcaUons 

Carritr  Frtquancias  -  40  kc.  and  70  kc.,  crystal  controllod 
Bandwidth  -  Dc  to  10  te.  with  70Ac.  earner 
to  4  kc.  with  40  he.  carrier 

IndicatHif  hntrumonts  -  Lovtl  Meter,  and  ±  2%  Drift  Meter 
Output  Signalt  -  Scope,  two  galvanometer  outputs 
Ssnsitmty-0.0S%.02%  and  2.0%  salectaMa 
Drift  -  On  dc  gahio.  output  lass  than  10  parts  per  million 
in  Vk  hour 

Frlcw  $3450.00  rock  mounted 


MOOEL  FL  6A  BROADCAST  FLUTTER  METER 


Foaturwe 

An  instrument  designed  tor  accurate  measuremont  and  analysis 
of  flutter  and  won  in  highduality  audio  tapt  recordars. 
Spedficationt 

Cwrier  Fraqunecy  -  8000  cps..  stabilind  oscillator 
Bandwidth  -  Dc.  to  1200  cps. 

Bandwidth  Sataction  -  Full  rangt,  O.S  to  30. 

30  to  300. 300  to  1200  cps. 

Scats  Ranges  -  02%,  0.6%.  and  2i)%  rms  full  scalt 
Display  -  3-inch  osciUoscept  for  waveform  observation 

Price:  $845.00  rack  mounted,  $880.00  In  cabinet 

WRITE  FOR 

COMPLETE  INFORMATION  ANO  PRICES 


402  East  Guti^frei  Street 
P  O  Bor  1500 

_  Santa  Barbara.  Californta 

iepcNJWt  (  rthallt  Telephone  WOodland  5  4511 
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year  as  vice  president  of  General 
F.lectric  Co.  and  this  year  con¬ 
cluded  his  second  term  as  h'l.V 
president. 


Photo-Electric  Sensor 
Types  Added  to  Line 


The  Bendix®  “Supermarket”  for  pre¬ 
cision  components  has  long  served 
your  analog-digital  converter  needs 
with  miniature,  brush  slip-ring  shaft 
encoders  featuring  extremely  high 
resolution.  Now,  with  the  addition 
of  new  photo-electric  sensor  types, 
the  Bendix  shaft  encoder  line  makes 
Bendix  extra  quality  available  for 
even  broader  applications. 

With  these  new  photo-electric 
sensor  units,  you  enjoy  the  impor¬ 
tant  advantages  of  higher  operating 
speeds,  lower  operating  torque  re¬ 
quirements,  longer  life,  and  finer 
resolution  in  relation  to  physical  size. 


Seal  Appointed 
General  Mgr. 


The  specification  table  Ik'Iow  is 
the  l)est  evidence  we  know  that  your 
shaft  encixler  needs  find  their  most 
efficient  answer  at  the  Bendix  Super¬ 
market. 


Rohk.ki  Sc.m.  (picture),  vice  presi¬ 
dent  and  chief  engineer  of  R'S 
Electronics  Corp..  Palo  .\lto,  Calif., 
a  suhsidiars  of  Regan  liuhistrics, 
Inc.,  has  Ikcii  named  to  assume 
the  duties  of  general  manager  of 
the  subsidiary. 

R/S  Electronics  manufactures 
electronic  equipment  for  military 
and  industrial  uses,  including  a  full 
line  of  i-f  amplifiers  for  missile, 
radar,  and  aircraft  installation. 

Seal  joined  the  Regan  subNuhary 
in  iy?-l  as  chief  engineer,  after 
sersing  for  seven  years  as  chief  of 
the  Radar  Miniaturization  Unit  of 
the  Electronics  Div.,  National  Bu¬ 
reau  of  Standards. 


District  OfRc«t:  fturbonk  and  San  Froncitco,  Colif.j 
Soattla.  Wash.;  Dayton,  Ohio;  and  Washington, 
D.  C.  Export  Saios  &  Sorvico:  Bondix  Intornational 
Division,  205  E.  42nd  St.,  Now  York  17,  N.  Y. 


BENDIX  OFFERS  WIDE  CHOICE  TO  FIT  YOUR  EXACT  SHAFT  ENCODER  NEEDS 


FEC  Transfers 
Myron  Bakst 

,\ppoiMMr.Ni  of  Myron  Bakst  as 
project  manager  for  the  White 
Alice  integrated  civilian-military 
connminieations  system  in  Alaska 
has  been  announced  bv  E.  II.  Eana- 
han,  president  of  Federal  Electric 
Corp.,  Paramus,  N.  J. 

EEC,  service  subsidiary  of  i  r&''r 
Corp.,  operates  and  maintains  the 
svstein  under  a  contract  with  the 
Air  Force. 

Bakst  was  transferred  to  the  sys¬ 
tem  from  the  Distant  Early  W'arn- 
ing  (DEW)  Line,  also  o|x’rated 


tRPM  OETERMINCD  BY  APPLICATION 


Eclipse-Pioneer 

Division 


Telerboro,  N.  J. 


*Y*u  Can't  Baot  Th«  Bandix  SupormoHiat. 
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TYPE  NO. 

Gt-T-AI 

Qt-a-AI 

as-s-Ai 

a»-i-Ai 

at-4-Ai 

a8-8-AI 

OUTPUT 

9  DIGIT 
GRAY 

13  DIGIT 
BINARY 

8  DIGIT 
GRAY 

9  DIGIT  BINARY 
DECIMAL  (GRAY) 

7  DIGIT 
BINARY 

13  DIGIT 

GRAY 

STYLE 

PHOTO¬ 

ELECTRIC 

DOUBLE 

BRUSH 

BRUSH 

BRUSH 

DOUBLE 

BRUSH 

BRUSH 

RESOLUTION 

1  PART  IN  512 

1  PART  IN  8192 

1  PART  IN  256 

1  PART  IN  198 

1  PART  IN  128 

1  PART  IN  8192 

MILLI- 

AMPS/DIGIT 

.075  (MAX.) 

10  (MAX.) 

10  (MAX.) 

15  (MAX.) 

10  (MAX.) 

10  (MAX.) 

CONT. 

SPEED  (RPM) 

HIGH  SPEEDt 

150  (MAX.) 

150  (MAX.) 

150  (MAX.) 

150  (MAX.) 

50  (MAX.) 

OPERATING 

TORQUE 

.05  02-IN. 
(MAX.) 

.50  02- IN. 
(MAX.) 

.20  02-IN. 
(MAX.) 

.22  02-IN 
(MAX.) 

.31  02-IN 
(MAX.) 

40  02-IN. 
(MAX.) 

CASE  DIAMETER 

1.191  INCH 

1.411  INCH 

.937  INCH 

.937  INCH 

.937  INCH 

2.50  INCH  , 

TIm 

widtti  riRt«  of 

time-tested  stabilized 
precision  capacitors  avail¬ 
able  with  polystyrene,  poly¬ 
ethylene,  teflon,  and  mylar 
plestic  film  dielectrics.  Designed 
for  critical  appllcatleas.  FCl 
Capacitors  have  high  Insulation 
resistance,  low  power  factor  and 
dielectric  absorption,  and  are 
available  la  a  wide  variety  of 
capacitance  values,  tolerances, 
casings  and  sizes.  Write 
for  FMEE  cmiOG  show¬ 
ing  ceaiplete  llae 


FILM  CAPACITORS.  INC. 

340S  PAM  AVEbUE  •  NEW  YORK  M,  N.  Y. 
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Count  on  SYSTRON 
RDB  COUNTER 

with  in-line  readout 


-  »  -f 

MODEL  1  04  3 

w  ROB  Channels  1-18 

★  RPM 

MEASURES  ★  Mass  Flow  Rate 
w  Frequencies 

*  1  to  100,000  Periods 


FREQUENCY 
ACCURACY  . 
REAOOUT 
SENSITIVITY 
TIME  BASES: 
RDB 
CPS 

RATE . . . . 


RANGE  ...5  CPS  to  100  KC 
,  ±  1  count,  ±  1  part  in  10’ 

.  Nixie,  to  99,999 

. 5  Millivolts  rms 

.  1/5  second 

.  1410  seconds 

Selectable  O.lms  increments 
to  10  secs. 

1  to  100,000  cycles  of  input 

. $1,550 

-  F.O.B.  Concord 


9S0  CAIINOO  STREET  •  CONCORD,  CALIFORNIA 
REPRESENTATIVES  IN  PRINCIPAL  CITIES 
CIRCLE  209  READERS  SERVICE  CARO 


STATION  RECEIVERS 

Aerocom's  MihUA  77  sinfile-channel  Jl.F.  rrystal-conlrollod  rectdi'cr  was 
desif^iml  and  built  to  iiut't  voitr  nct-ds. 


A  high-performance,  rack-mounted,  rugged 
receiver,  designed  for  reception  of  Al,  FI 
or  A3  signals.  Frequency  range  is  from 
2  MCS  to  24  MCS,  using  permanently 
mounted  R.F.  coils  which  are  selected  by 
rotary  switch.  (i\o  plug-in  coils).  Can  be 
operated  continuously  in  any  climate  from 
hot  and  humid  to  very  cold.  Crystal  band¬ 
pass  filter  used  in  I.F.  amplifier.  6  KC  width 
normally  supplied  for  A3  and  1.8  KC  width 
normally  supplied  for  FSK. 

Two  Model  77  receivers  can  be  used  in 
a  space-diversity  system  by  using  .\erocom’s 
Model  DRC  diversity  combining  unit. 


PoHcr  sapply  1I.>  Volt*  or  2.30  Volts  10/60  Cycles 
single  phaiM*.  All  rontrol*  on  front  panel,  each 
with  switch  to  permit  remote  o|»eration. 
Keasobahle  front  co%er  permits  access  to  all  parts 
for  checking  without  remo^ins  receiver  from  rack. 
Miniature  tubes  eAlcn<i  from  rear,  pro^itiins  maA- 
imum  rooliiis. 


AER^-0^ lOM 


.  r«r.  pro. ......  3^^  5  ^  37^^  AvenOO 

_  Miami  33,  Florida 
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follow 

yOLLT 


mm. 


^ under  ideal 
conditions  at 


I 


Computer—  Controls  —  Components 
Design— Development— Manufacturing 

You  can  be  assured  of  ideal  working  conditions  at  well  located  Librascope.  Why? 
Because  of  the  physical  plant:  air-conditioned,  ultra-modern;  the  location;  at  the 
edge  of  the  foothills:  near  Los  Angeles,  Hollywood  and  the  pleasant  residential  family 
areas  of  Burbank,  Glendale,  Pasadena. 

A  company  with  highest  professional  and  technical  standards.  If  you  are  an  M.E.  or 
E.E..  mathematician  or  physicist,  interested  In  Analog  or  Digital  Computers  •  Logical 
Design  .  Instrumentation  •  Servo  Mechanisms  •  Electro-mechanical  •  Systems 
•  Transistor  Applications  •  Controls  for  commercial  and  Military  Equipment,  you're 
Invited  to  investigate  the  opportunities  at  Librascope  which  has  Just  held  its  20th 
Anniversary  -  a  sound,  stable  organization  growing  with  automation.  Write  Glen 
Seltzer,  Empleyment  Manager.  _  ■ 


LIBRASCOPE  uses 
the  engineering 
project  team 
^  method. 


LIBRASCOPE. 
INCORPORATED 
808  Western  Ave. 
Glendale,  Calif. 


IBRASCOPE 


Wnfe  today  for  this 
inr.rr*tinp  booklet 
about  X,ibra«cop«. 
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For  Angle 
of  attack 
correction 


Camden  Firm 
Elects  V-P 

In  Camden,  N.  ).,  Magnetic  Metals 
Co.,  niannfacturcrs  of  electromag¬ 
netic  core  products  for  the  trans¬ 
former  indnstr),  has  elected  Don¬ 
ald  O.  Sehwcnnscn  (picture) 
vice-president.  W'ith  the  company 
since  19s6,  his  new  duties  will  in¬ 
clude  both  engineering  and  mana¬ 
gerial  res|jonsibilities. 


FAIRCHILD  FEATURES  —  Fairchild  Linear  Accelerometers  are  min¬ 
iature  in  size,  light  weight,  and  have  high  sensitivity  and  resolution. 

Three  basic  designs  are  offered.  The  TA-100  is  an  economical 
pendulous  accelerometer  with  torsion  bar  suspension  and  pot  pick- 
off,  The  TA-200  is  an  axial  design  with  coil  spring  restraint  and 
pot  pick-off.  The  TA-400  is  a  floated  pendulous  accelerometer  using 
a  torsion  bar  with  jewel  bearing  suspension  and  an  a.c,  type  pick-off. 


Organize  New 
Company 

I’hf.  .\d;mis-Russcll  Co.,  Inc.,  Cam¬ 
bridge,  Mass.,  was  rcccntU  formed 
bv  Gerald  J.  .\dams.  Lindsay  Rus¬ 
sell  and  Oliver  II.  Straus. 

.\dams  has  Ireen  a  project  man¬ 
ager  and  group  head  at  II\con  Kast- 
ern,  Inc.  of  Cambridge  for  the  last 
three  years,  l  or  the  preceding  eight 
years  he  was  senior  engineer  at 
Alford  Consulting  l-’.ngineers  of 
Boston. 

Russell  was  formerly  a  project 
engineer  at  I  Ivcon  Kastern,  and 
was  also  a  project  engineer  at  .\1- 
ford  Consulting  Fngineers  from 
19S1  to  19^6. 

Straus  was  also  at  llycon  Fastern, 
Inc.  as  a  vice  president.  Prior  to 


OTHER  OUTSTANDING  FEATURES 

1.  Potentiometer  or  AC  pick-offs  4.  Low  temperature  error 

2.  Linear  or  non-linear  pot  outputs  5.  High  sensitivity 

3.  Low  cross-talk 


TYPICAL  SPECIFICATIONS 


The  TA-100  and  TA-200  can  be  supplied  with  A.C.  type  or  Fairchild's 
Nobl-Ohm  infinite  resolution  Film  Pot  pick-offs  on  special  order. 

For  information  writa  fo  Oepf.  21 -E 


COMPONENTS  DIVISION 


CONTROLS  CORPORATION  t.  Washmiion  Blvd. 

'•  Hicksville.  L  I.,  N  Y.  Los  Angeles,  Cal. 

Potentiometers  •  Gyros  •  Pressure  Transducers  •  Accelerometers 
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M-1  TOSS  BOMB  SYSTEM 

When  the  prime  contractor  for  the  M-1  Toss  Bomb  System  required  a  highly  reliable 
miniature  accelerometer  for  the  bombing  computer  used  in  U.S.A.F.  Tactical 
Bombers,  Fairchild  was  called  in.  Fairchild’s  Sales  and  Customer  Engineering  Group 
working  closely  with  the  Contractor’s  Engineers  developed  the  TA-100  pictured  below. 

and  maintained  by  FEC,  where  he 
was  assistant  project  manager.  Fhe 
DEW  Line  is  a  chain  of  radar  sta¬ 
tions  extending  3,s00  miles  from 
Point  Barrow,  Alaska,  to  Baffin 

Model 

TA-100 

(low  natural  frequency) 

TA-200 

(Low  Cross  talk) 

T«-400 

(Low  cross-talk  & 
high  accuracy) 

Standard  pick-off 

potentiometer 

'  potentiometer 

A.C.  reluctance 

G  range 

to  ±30g 

±1  to  ±100g 

±V4  to  ±10g 

Natural  Frequency 

5-40  cps 

7-50  cps 

8-80  cps 

Damping  factor 

.7  @  ZS'C 

.7  @  25'>C 

.7  @  25-0 

Overall  accuracy 

1.5% 

1.5% 

better  than  1% 

Tr.- 


Announcing . . . 


standardized  for  immediate  shipment 
in  module  and  strip  form 


These  compact,  lightweight  aluminum  units 
prevent  thermal  runaway  in  electronic  circuits 
.  .  .  hold  transistor  junction  temperature  safely 
within  design  limits.  Heat  is  conducted 
through  the  base  mounting  plate  and  is  dissi¬ 
pated  by  cooling  air  passing  through  the  fins. 

Modine  Bulletin  ID- 158  contains  perform¬ 
ance  data  and  application  information  on  these 
efbeient  coolers.  For  full  details  on  standard 
and  custom-built  models,  write  Electronic 
Cooling  Dept.,  Modine  Manufacturing  Co., 

U>02  DcKoven  Avenue,  Racine,  Wisconsin. 
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MANUPACTURINO  COMPANY  j 

_  _ _ ¥ 


T.137J 


WIRE 

PRODUCTS 

/ 


TEFLON*  INSULATED  HOOKUP  WIRE,  -90*C  to  4  250«C 
MIL-W-16878B,  TYPES  E  and  EE  • 

For  Missiles,  Computers  and  Electronic  Assemblies 

Miniaturization  and  complex  electronic  assemblies  are  simplified  with 
the  use  of  Teflon  insulated  wire.  It  is  unaffected  by  soldering-iron 
temperatures,  has  a  low  coefficient  of  friction  and  will  not  heat-age 
as  it  contains  no  plasticizers  to  cause  failure  due  to  brittleness.  Re¬ 
sistant  to  chemicals  and  solvents.  Teflon  insulated  wire  provides 
superior  dielectric  strength  with  minimum  wall  thickness.  Manufactured 
with  silver  coated  copper  conductor  in  600  volt  and  1000  volt  ratings 
in  A.  W.  G.  sizes  from  32  thru  10. 


600  VOLT  AIRCRAFT  WIRE  TO  MIL-W-7139A 

A  qualified  product  for  high  temperature  applications  requiring  superior 
solvent  resistance,  high  insulation  resistance  and  circuit  reliability. 

Silver  coated  copper  conductor,  insulated  with  Teflon  and  Teflon-glass 
tapes,  covered  with  a  Teflon-glass  braid  having  a  Teflon  finish.  Manu¬ 
factured  in  A.  W.  G.  sizes  22  thru  4/0,  also  available  in  sizes  6  thru 
22  with  a  type  302  stainless  steel  braid  applied  over  all. 

*  Dupont  trademark 


The  LEWIS  ENGINEERING  CO 

iNaviJiuck  Cwaacticat 

WIRE  DIVISION 


Specialists 
Ih  High  Temperature 
Wires  and  Cables 


ELECTRO¬ 

MECHANICAL 

ELECTRONIC 

ENGINEERS 


work*  in' the  fields  of  the  future  at  NAA 


A  HS  or  aclvancetl  degrees  in 
KE,  ME.  or  Physics,  may 
qualify  you  for  a  rewarding 
career  at  North  .American  .Avi¬ 
ation.  in  one  of  these  fields: 
E'lighl  ('onirol  .Analysis, 
Heliahility  .Analysis.  Flight 
Simulation.  Systems  Analysis. 

Elect rical  Systems  .-Analy¬ 
sis  and  Design.  Mission  and 
Traffic  Control.  Fire  Control, 
Homhing  Systems.  Elec¬ 
tronics  Systems  Integration. 
Flight  Crmtrols.  Ground  Sup¬ 
port  Equipment.  .Airborne 
and  Electronic  Test  Equip¬ 
ment. 

Applied  Research  in  Ra- 
dome  Development.  .Antenna 
Development.  Infrared,  and 
Acoustics. 

Please  write  to:  Mr.  F.  H. 
Stevenson,  Engineering  Per¬ 
sonnel,  North  American 
.Aviation,  Los  Angeles  4.t, 
California. 


THK  LOS  ANOELKS  DIVISION  OP 


NORTH  -/m 
AMERICAN 
AVIATION,  INC. 
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Looking 
for  the  right 
resistor? 


that  he  was  a  director  of  the  com¬ 
pany  and  assistant  to  the  director 
of  engineering  at  National  Co., 
Malden,  Mass. 

I’hc  new  firm  is  engaged  in  elec¬ 
tronics  manufacturing,  research 
and  development,  and  consulting. 


NEY  MOLDED 
CONTACT 
ASSEMBLIES 


Plant  Briefs 


Syncro  Corp.  of  Ovford,  Mich., 
manufacturer  of  power  tools,  has 
expanded  into  the  field  of  capac¬ 
itors  and  LC  coils  with  the  build¬ 
ing  of  a  new  plant  in  Hicksxillc, 
Ohio. 


Call  Speer  for 
a  complete  line 


Aerolab  l^rvclopnicnt  Co.,  Pasa¬ 
dena,  Calif.,  recently  acquired  a 
new  building  with  1  S,000  sq  ft  of 
floor  space  adjacent  to  its  main 
plant.  New  facilities  will  be  used 
for  design  and  manufacture  of  high 
altitude  research  missiles. 


fixed  composition 
resistors, 
phenolic  coil 
forms 


Electronics  Corp.  of  America,  Cam¬ 
bridge,  Mass.,  has  established  an 
affiliate  in  Rio  Piedras,  Puerto  Rico. 
New  firm.  Electronics  Corp.  Pan 
.\mcrica,  will  manufacture  indus¬ 
trial  electronic  controls  for  the 
transportation  industry. 


Impressive  cost  savings  and  greater 
reliability  are  inherent  in  the  use 
of  the  new  Ney  molded  contact 
assemblies.  For  use  with  printed 
commutators,  potentiometer  wind¬ 
ings,  slip  ring  assemblies  and 
printed  rotary  switches,  these  as¬ 
semblies  are  available  in  a  standard 
line  now  being  manufactured  by 
Ney,  or  can  be  designed  to  custo¬ 
mer  specifications. 

Seven  prime  advantages  are  ( 1 )  a 
complete  single  or  multiple  brush 
assembly  ready  to  use,  (2)  no  weld¬ 
ing  or  soldering,  (3)  reduction  of 
adjustment  during  assembly  into 
unit,  (4)  insured  uniformity  of  de¬ 
sired  gram  pressure,  (5)  reduced 
inspection  costs,  (6)  time  tested 
Ney  alloys  for  reliability,  (7)  will 
withstand  extremes  in  operating 
environments. 

SEND  FOR  LITERATURE 


News  of  Reps 

I'otiR  newly  appointed  reps  will 
handle  electronic  test  equipment 
for  Tclectronics  Eaboratorv,  Inc., 
W'estburs.  N.  Y.  Reps  and  their 
territories  arc: 

Broger  Instiiiment  Sales  Co.  for 
New  England;  W.  K.  Geist  Co.  for 
southern  California,  Arizona  and 
New  Mexico,  George  E.  Landfear 
Enterprises  for  New  Jersey  and 
metropolitan  New  York;  and  Ohio 
Instrument  Co.  for  Ohio,  Ken¬ 
tucky,  W'est  Virginia  and  western 
Pcnnsvhania. 


For  detailed  information  on  specifica¬ 
tions,  characteristics  and  applications 
ask  for  this  catalog  of  Speer  Elec¬ 
tronic  Components! 

Automation  Soldering  your  concern? 
Be  sure  to  send  for  Speer’s  Bulletin 
on  this  subject. 


Oth«r  Sp*«r  Products 
for  tfio  Eloctronics  Industry 
R.  F.  coils  •  chokos  *  fixed  composition 
capacitors  •  Speer  PAC  mode  by  Jeffers  Electronics. 
*  Also  electronic  tube  onodes  * 
contocts  •  rocket  and  missile  ports  •  brushes  * 
hotter^  carbons  •  grophite  plates  ond  rods  ond 
gropnite  products  for  the  steel  ond  chemical 
industries. 


.\incrican  Microphone  Mfg.  Co.,  a 
division  of  GC-'lcxtron,  Inc., 
names  two  new  reps.  I  hc  Robert 
\y.  Peters  Co.  will  cover  Ohio, 
West  Virginia  and  western  Penn- 
syhania.  Stan  Cluphf  &  Associ¬ 
ates  are  appointed  for  Colorado, 
southern  Idaho,  eastern  Montana, 
New'  Mexico,  Utah,  Wyoming,  and 
El  Paso  Countv,  Texas. 


MISbctIW  SPEER  RESISTOR  DIVISION 
SPEER  CARBON  COMPANY 

Bradford,  Ponn.ylvonia 

□  Send  the  Speer  Resistor  CaUUos. 

□  Send  Automation  Solderins  Bulletin. 


Name. 


Company. 


Addrei 


P.O.  Box  990,  Dept.  E,  Hartford  I,  Conn. 
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OLIVE  CAN  COMPANY 

4700  North  Oktffo  Avenue  •  Chicago  31,  Illinois  •  UNderhill  7~7A7A 
OI?/GINArORS  Of  LOW  COST,  HIGH  VOLTAGE  HOUSINGS  FOR  THE  TV  INDUSTRY 


M00(L  645AII 


wily  do  it 
"^•orself  T 


DIGITAL  VOLT-OHMMETERS 

combine  readability  ivith  reliability  and  accuracy 


For  your  laboratory,  incomini;  inspection,  or  in-line 
test  positions  — or  wherever  aeciirafr  and  rrliablr 
measurements  must  be  made  qniekltf  — you  need  a 
HYCON  DiRital  Volt-Ohmmeter. 

READABLE  's'*  dibits,  in  line,  with  illuminated  decimal 
point  and  polarity  indicator  for  fast  (2  second  aver- 
aKe)  readout  without  interpolation  error. 

RUGGED  AND  RELIABLE  with  no  delicate  components 
—  desitrned  for  continuous  operation,  and  to  withstand 
shock  and  vibration  without  loss  of  accuracy. 

ComplaU  Data  In  ■uMalin  64S 

MiMirl  SISAR  acrurat*.  DC  and  Dhm*  B07S.OO 

Modal  StSAR  fl.SS  aaruralr.  DC  and  Ohma  •4SB.OO 

Both  instrumanta  arr  I'J  acrurata  on  AC  from  10  to  IfmO  v<dta  ; 
2'',  arruratr  balow  In  volta. 


3  DICITAl  INSTRUMENTS  IN  1 
The  HYCON  reads  DC  volts  in  4 
deciinjl  ranges  Irom  001  V  to  999 
V  AC  volts  in  3  decimal  ranges 
Irom  1  0  V  to  999  V  RMS  resist¬ 
ance  in  5  decimal  ranges  from  1 
ohm  to  9  99  megohms 
High  Impedance  (vacuum  tuBe)  in 
put.  Sue  S'a  I  19”.  11"  deep. 
Complete  mth  probes. 


It  Pays  to 
Standardize  on 


Ordrr  /roM  wour  HYCftS 
or  ft 
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Choke  Coils 


You  can  save  time,  labor,  and 
money  by  stocking  the  wide  range 
of  Jeffers  R.F.  choke  coils  just  as 
you  do  resistors,  capacitors,  and 
other  similar  components.  You  can 
forget  tedious,  expensive  hand 
assembly  from  miscellaneous 
forms,  wires,  and  coatings  by  using 
standardized  Jeffers  coils,  com¬ 
pletely  assembled  for  use. 

Jeffers  coils  are  well  made,  using 
insulated  copper  wire  windings . . . 
husky  molded  jackets.  All  windings 
are  soldered  to  leads . . .  shorted  end 
turns  are  completely  eliminated. 

Put  these  advantages  to  work  in 
your  circuitsi  Jeffers  Electronics 
offers  you  .  .  .  ready  for  delivery 
...  a  complete  line  of  R.F.  choke 
coils  with  a  complete  range  of 
inductance  values.  Write  today  for 
our  specification  sheets. 

OllMr 

,  fix«d  compotition  copocilert 

Oltwr  Sp*«r  Fr*4iKta 
far  ill*  il*«lr*iii«  In^vtlrv 
onedn  •  tontoctt  •  r**t>lort 
'  diKt  *  bruth*«  •  mold*d  notched*  coil  forme 
bottary  carbon  •  grophil*  plaice  and  rode 

S*Pal*nl*d 
JEFFERS  ELECTRONICS 
DIVISION 

SFEER  CARtON  COMPANY 
Ou  Roie,  Penneylvanio 

I  Other  Speer  Oivieione; 

)  Speer  Reelelor,  Speer  Carbon  Producle, 
Inlernalionol  Grophil*  1  Electrode 


FOR  HIGH  VOLTAGE  SHIELDS,  COVERS, 
HOUSING  AND  SPECIAL  APPLICATIONS 


KMNietit  «bay  to  Milvr  o  cunlomi/rti  mn  |>rol>km  m  to  have 
OI.IVK  CAN  COMTANY  "lat  kir  it"*  OI.IVK  CAN  hnn 
IFrtMlut'Tfl  an  cndleaii  varM*ly  of  milliona  u|M»n  milh«»na  of 
(uatoniirrd  cana  for  the*  «*let'tronir  imiuatry  'lliia  uniqiir 
and  afirt'ialized  arrvire  Kaa  made  OLIVK  ('AN  tht*  ao'fptrd 
trader  in  ita  held  4(9  yrara  of  rnKinrrrinf  an<t  |>r«>du(  tion 
"km>w  how"  |4ua  romidrtr  draiftn  and  tool  r<M»m  farihtiea 
i'oupird  with  hi|th-a|M*rd.  automatic  machinerv  have 
rraultril  in  amazinf  rroiaimira  for  Iradinit  manu- 
fatdurvra  nation-wule.  Why  n<»t  let  OI.IVK 
(*AN  do  the  aanM»  for  you'* 

Writo  (aday  far  mfaraRatf'aa  oad  taaTa*  f  ^ 

Naa  ta  yaar  toqoieomotH. 

^  Ma  akiffariaa. 
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NEW  BOOKS 


Electronic  Designers' 
Handbook 

Bv  R.  W.  LANDEE.  D.  C. 
DAVIS,  AND  A.  P.  AL¬ 
BRECHT. 


McOraw-Hil]  Book  Co.,  Inc.,  Sew 

York,  1957,  1.04S  p,  S16.50. 

I'liK  authors  of  this  addition  to 
McGraw-Hill’s  handbook  library 
have  directed  their  efforts  to  stu¬ 
dents  and  practicing  engineers  in 
the  electronic  field. 

The  book  is  divided  into  25  sec¬ 
tions  and  in  size,  format  and  gen¬ 
eral  content  is  very  similar  to  F  E. 
Terman’s  “Radio  Engineers’  Hand¬ 
book”.  The  first  seven  sections  of 
the  new  handlxHik  cover  the  sub¬ 
jects  of  general  design,  data,  vacuum 
tubes  and  transistors,  voltage  am¬ 
plifiers,  power  amplifiers,  modula¬ 
tion,  oscillators  and  receivers.  Fhe 
new  material  covers  transistors,  de¬ 
sign  problems  arising  from  the  need 
for  circuits  to  handle  pulses,  sup- 
prcssed-carrier  and  singlc-side-band 
generation,  backward-wave  and 
phase-shift  oscillator  circuits  and 
the  more  sophisticated  band-pass 
circuits  involving  flat-staggered 
tuning. 

Noise— In  the  section  on  receiv¬ 
ers,  the  discussion  of  noise  is  more 
extensive  than  that  found  in  many 
textbooks.  In  this  same  section 
there  is  also  an  excellent  discussion 
on  tube  and  crystal  mixers  together 
with  illustrative  examples  to  bring 
out  the  important  points. 

The  following  five  sections  on 
multivibrators,  variable  delay  cir¬ 
cuits,  trigger  circuits,  sawtooth 
generators,  clippers,  limiters  and 
clamps,  point  up  the  tremendous 
growth  in  pulse  and  digital  tech¬ 
niques. 

Of  the  sections  on  inductively 
coupled  circuits,  transformers  and 
chokes,  power  supplies,  filters,  at¬ 
tenuators  and  equalizers,  the  sec¬ 
tion  on  transformers  and  chokes  is 
notable  in  that  it  presents  a  com¬ 
paratively  complete  treatment  of 
the  design  of  low-power  iron-core 
transformers  and  chokes.  The  sec¬ 
tion  on  filters  presents  graphical 
performance  data  for  constant-k 
and  m-dcrived  filter  sections  having 
dissipation. 

Principles  of  feedback  and  com- 


MEDALIST* 

null  indicators 


READAUC  . . .  WIDE  RANGE  SENSITIVITV 
Modern  MEDALIST  design  provides  far 
greater  readability  and  modern  styling  In 
minimum  space.  Unique  core  and  magnet 
structure  provides  Vi  ua/mm  sensitivity  at 
null  point  with  sharp  square-Jaw  attenuation 
to  100  ua  at  end  of  scale  in  Type  A.  Internal 
resistance  is  2000  ohms.  Other  sensitivities 
available.  ASA/MIL  24*  mounting.  Standard 
and  special  colors.  Bulletin  on  request. 
Marion  Electrical  Instrument  Co..  Manchester, 
N.  H..U.S.  A. 

*T.M.  Res.  V.8.  Pat.  OR.  V.8.  A  Forelsn  Patent! 

Copvrtfht  ®  IMS.  Marton 


*  U.S.  Potent 
Apelled  Per 


BOOTH  919  WESCON 


••wHtic  fitCMONiCJ  MCtrs  rnf  trf 


Visit  Marion  tooths  1136-1137  at  the  Wesson  Shew 
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D-B  broad  band 
gas-filled  cavity 
wavemeters 


Each  instrument  covers  a  wide  seg¬ 
ment  of  the  total  range.  Only  1 1  sizes 
serve  from  2.6  KMC  to  90  KMC. 
Accuracy  is  so  high  they  may  be  used 
as  secondary  standards.  Nitrogen 
filled  and  sealed  for  long  life  and 
high  Q.  Bi-metallic  structure  provides 
hi^h  degree  of  thermal  compensa¬ 
tion.  Write  for  literature. 


BONARDI 


DEMORNAYI 


780  South  Arroyo  Pkwy.  •  Paaadana,  Calif. 
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For  Those  Who  Demand  Service! 


ELECTROLYTIC 
&  PAPER 
TUBULAR  ^ 


35  YEARS  OF  PROVEN 
DEPENDABILITY" 


KURMAN 

RELAYS 


Meet  the  industry's  top  efficiency  team 

Augat's  complete 
line  of  Component 
Cradles  and  Clips 


Here’s  positive,  lasting 
protection  against  ex¬ 
ternal  shock  and  vibra¬ 
tion.  Augat  cradles  are 
especially  designed  to 
clamp  sub-miniature 
and  miniature  tubes, 
transistors,  resistors,  ca¬ 
pacitors,  diodes,  crys¬ 
tals,  etc. 

They  assure  longer  life 
of  tubes  and  transistors 
by  reducing  tempera¬ 
ture  through  conduction. 

SEE  us  AT  WESCON 
IN  SOOTH  r74S  ; 

IVrife  today  for  additional 
Jnlormation  and  sampleB. 


SUB¬ 

MINIATURE 

SENSITIVE 

RELAY 

Striai  T 


POWER 

RELAY 


Series  26 


POWERFUL 

SENSITIVE 

RELAY 
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Elettrkal  Coil  Windings 


MIDGET 

SENSITIVE 

RELAY 


For  40  years  .  .  .  specializing  in  all  types  of  coils  to 
enstomers'  specifications.  Design  or  engineering  assist¬ 
ance  available  on  request. 


Series  23 


SINCf  Ifl7  ^ 

65  Povinon  Avenue  Providence  5,  Rhode  Island 


TELEPHONE  RELAY 


Series  A 
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Immediofe  Oe/ivery  from  Fronchised  Disfribufors 

SEND  FOR  COMPLETE  CATALOG 

Kurman  Relays  .  .  .  hermetically  sealed, 
dust  eovered  and  open  .  .  .  meet  mili¬ 
tary  specifications  .  .  .  interchongeable 
with  other  leoding  mokes. 


KURMAN  ELECTRIC  CO 


Division  of  NORBUTE  CORPORATION 
Dept.  E,  191  Newel  St.,  Brooklyn  22,  N.  Y, 
EVergreen  3-8000 
EXPORT:  TERMINAL  RADIO  INTL. 

I3S  LIBERTY  ST  N.  V.  C. 
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delivery 


faster 


putcr  and  servomechanism  tech¬ 
niques  are  discussed  in  two  excel¬ 
lent  sections  which  tokil  nearly  10 
{X-Tcent  of  the  book,  again  illus¬ 
trating  the  dramatic  exp;msion  of 
the  horizons  of  the  electronic  de¬ 
signer  over  the  short  span  of  a 
decade  and  a  half. 

The  sections  on  transmission 
lines  and  antennas  illustrate  the 
growing  use  of  the  Smith  chart  and 
the  increasing  emphasis  on  the 
microwave  frequencies. 

Network  Theorv— The  two  final 
sections  on  waveform  analysis  and 
nehvork  analysis  include  funda¬ 
mentals  of  statistical  and  probabil- 
it\  thcoiA',  graphical  methods  as  an 
aid  in  the  determination  of  in- 
\  ersc  Laplace  transforms,  the  analy¬ 
sis  of  complex  waveforms  and  what 
amounts  to  a  short  course  in  net¬ 
work  thcors'. 

The  usual  mathematical  tables 
arc  missing  but  should  be  of  no 
concern  to  the  average  user  who 
probably  has  the  ncccssarv  tables 
duplicated  many  times  e\en  if  his 
technical  library  is  a  motlcst  one. 

Designs  Illustrated— In  the  pref¬ 
ace  the  authors  base  stated  that 
it  has  been  their  opinion  that  hand¬ 
books  often  base  limited  value 
since  the  presentation  is  frcqucntlv 
so  concise  that  the  material  pre¬ 
sented  has  little  value  miles,  the 
reader  has  had  previous  experience 
with  the  subject.  Conscqucntlv  an 
attempt  has  been  made  to  o\er- 
comc  this  limitation  bv  making  the 
text  as  lucid  as  possible  and  by  in¬ 
cluding  design  examples  which 
illustrate  the  application  of  the  ma¬ 
terial  to  specific  design  problems. 

It  is  the  opinion  of  this  revicw’cr 
that  the  authors  ha\c  successfully 
met  their  goal  and  have  contributed 
a  \cry  useful  tool  for  the  electronic 
designer.  This  book  deserves  a 
place  on  every  reference  shelf. — 
John  Bose,  Columbia  Universitv, 
Electronics  Research  Lab.,  New 
York,  N.  Y. 


Booker  &  Wallestad 
is  a  plastics  molder 
equipped  to  offer 


WITH  COMPACTNESS  — PLUS 
“MIL-SPEC”  2000  cps 
VIBRATION  TESTS 


of  miniature  parts 

The  pressure’s  always  lighter— 
often  by  quite  a  hit— when  a 
supplier  can  speed  up  deliveries 
of  component  parts. 

Booker  &  Wallestad  offer  this 
speed-up  on  all  their  work. 
There’s  a  solid  reason  for  it. 
The  firm  uses  a  unique  process 
for  making  custom  molds  and 
molding  miniature  plastic  parts. 
Operations  are  much  faster  than 
ordinary  methods.  Yet  preci¬ 
sion  quality  is  maintained. 

Naturally,  time  saved  means 
money  saved.  In  this  case,  the 
savings  are  substantial.  Mold 
costs,  for  instance,  are  low 
enough  to  justify  very  short  runs 
for  such  purposes  as  model  test¬ 
ing  or  sales  samples. 

So  there’s  a  two-way  benefit 
’ .  .  .  production  speed-up  and 
cost  reduction.  Mightn’t  it  be  a 
good  idea  to  contact  Booker  & 
Wallestad,  one  of  the  nation’s 
leading  molders? 


SPECIFICATIONS  (General) 


a.  Operates  during  5  to  2000  cps. 
10G  vibration. 

b.  Operates  -55*  to  -f125*  C. 

c.  Withstands  30G  11ms  shock. 

d.  Weight  9  oi. 

e.  Hermetically  sealed. 

f.  D.C.  operating  coil. 

g.  Timing  not  affected  by  voltage 
variations. 

h.  3%  accuracy  under  normal  test 
conditions. 


This  relay  employs  a  new  type  es¬ 
capement  principle.  Ifoffers  utmost 
reliability  under  severe  environ¬ 
mental  conditions  through  its 
rugged  design  and  self-starting 
characteristics. 


Write  for  complete  descriptive  Bui 
letin  820.  Address  Dept.  E-858. 


booker  & 
wallestad 


THUMBNAIL  REVIEWS 


Streamlined  I.ens-Radonics  (PB 
ni041).  B>  .\.  K.  Kay.OrS,  U  S. 
Dept,  of  Commerce,  Washington, 
D.  C..  1956.  49  p.  S1.25.  Design 
technique  for  \  ariahle-rcfractis  e- 
index  lenses  combined  with  a 


Unusual  SKILL  and  ECONOMY 
in  custom  plastics  molding , . , 

3332  Gorham  Avo.  •  MinnoopolU  26,  Minn. 


SIGNAL  CORPORATION 

INDUSTRIAL  TIMERS  DIVISION 
MOLINE.  ILLINOIS 
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YOURS 

for 

the 

ASKING 


STODDART 

COAXIAL  ATTENUATORS 
AND  TERMINATIONS 

made  with  exclusive  Stoddart 
FUmistors  for  highly  accurate 
and  stable  resistive  values  from 
dc  to  3000  me. 


2,  6  and  10-position 

TURRET  ATTENUATORS 

with  simple  “PULL-TURN  PUSH' 
operation,  small  and  rugged. 


Stoddart  Patanti 


A  copy  of  this  quick-reading,  8-page  booklet  is 
yours  for  the  asking.  It  contains  many  facts  on  the 
benefits  derived  from  your  business  paper  and 
tips  on  how  to  read  more  profitably.  Write  for  the 
"WHY  and  HOW  booklet," 

Amdr«w-Hfff  Pybllshlt*§  Cmmpmny,  Room  27  JO,  330  Wmst 
42fid  St.,  Now  York  36,  N.  Y. 


ATTENUATOR  PADS 

Available  in  any  conceivable  combina¬ 
tion  of  male  and  female  Type  C  and 
Type  N  connectors.  Maximum  length  of 
3'  for  any  attenuation  value. 

GENERAL  SPECIFICATIONS 
VSWR:  Less  than  1.2  to  3000  me. 
CharKteristic  Impedance;  50  ohms. 
Attenuation  Value:  Any  value  from  0  db 
to  60  db  including  fractional  values. 
Accuracy:  ±  0.5  db;  values  above  50  db 
have  rated  accuracy  of  attenuation 
through  lOOO  me  only. 

Power  Rating:  1.0  watt  sine  wave 


Small-stable-50  or  70  ohms 

V5-Watt:  50  ohms  impedance.  TNC  or 
BNC  connectors,  dc  to  1000  me,  VSWR 
less  than  1.2. 

1-Watt:  50  ohms  impedance,  dc  to  3000 
me  or  dc  to  7000  me.  Type  N  or  Type  C 
connectors,  male  or  female;  VSWR  less 
than  1.2,  70  ohm.  Type  N,  male  or 
female  terminations  available. 

Fast  delivery  on  all  items. 

Send  for  complete  literature. 

STODDART 

AIRCRAFT  RADIO  CO.,  INC. 
6644  Santa  Monica  Blvd.,  Hollywood  38.  Calif. 
Hollywood  4-9292 
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PORTABLE  D’ARSONVAL 


GALVANOMETER 


FOR  MEASURING  HEMOGLOBIN  con¬ 
tent  of  blood  samples,  the  Fisher  Sci¬ 
entific  Co.  of  Pittsburgh  uses  a  Model 
100  G-M  Galvanometer  in  its  popular 
Electro-Hemometer  (at  '  left).  What¬ 
ever  your  own  particular  instrument 
field,  you  can  achieve  this  same  self- 
contained  portability,  ruggedness  and 
high  sensitivity  with  G-M  Galvanom¬ 
eters.  Complete  catalog  on  request. 
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NFWI  RVG-8T 
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1/:  TRIMMER 


Gamewell 


LiiMRrity  :t3%  and 
Power  Rating  2w  (p- 
SS^C  derated  to  0 
at  1S0°  standard  — 
200°C  intermittent 
operation  avaiiable 

RV6-ST  Specifications 
'h"  Trimmer  Pot 

Rating  (watts)  2 

Toique  (02.-in.)  Mai  I. 

special  high  torque 
available 

Weight  (ounces)  */j 

Resistance  Range  ^i% 

20(t  to  SOK* 

Electrical  Function  Angle 
320* 

Voltage.  Mai.  (insulation) 
1000  DC 

Linearity,  Standard  {%) 

*3 

*I00K  available 

Notes  Shaft  lock  nut  is 

supplied 


High  Performance  and  Low  Cost 


Improve  performance  of  your  electricnl 
and  electronic  circuitry  with  thin  new 
RVG-8T  H*  Trimmer  Potentiometer 

Kxcellent  performance  characteristica  for 
ita  type  and  aize.  Windinga  are  on  carda  or 
mandreU.  usually  with  wire  temperature 
coefficient  of  20  ppm.  Body  is  one-piece 
phosphor  bronze,  nickel  plated;  terminals 
are  gold  plated;  atop  pins  and  shaft  are  of 
stainless  steel;  precious  metal  contacts  are 


used  throughout.  Insulation  is  designed  to 
withstand  1000  volts  l)C. 

Avnilable  new!  HVO-HT  is  stcxrked  in 
standard  resistance  ranges.  100  ohms  to  TKlK 
ohms  —  up  to  lOOK  ohms  available,  ('an  lie 
supplied  with  precision  potentiometer  tol¬ 
erances.  servo-mount,  or  for  2<K)*(.J  inter¬ 
mittent  ofieration.  Write  for  prices  and 
catalog  sheet  today. 


THB  GAMCWSLL  COMPANY 
Nswton  Upper  Foils  64,  Moss. 


PRECISION  POTENTIOMETER  OlVISION 


radomc  for  strcaniliiK'd  nose  appli¬ 
cations  which  satisf)’  requirements 
of  perfect  axial  focussing  and  the 
AWk’  sine  condition. 


Radio  Control  Mechanisiiis.  By  Kay- 
inond  I'  Stock,  Data  Puhlica 
tions  Ltd.,  )7  Maida  Vale,  London 
\\'  9,  Kngland,  64  p,  4s  6.  Compila 
tion  of  articles  from  'Ilic  Radio 
Constructor  on  electromechanical 
control  mechanisms  for  model 
boats,  aircraft,  etc. 

Uber  die  .Xnweiidung  von  Fcrriten  /iir 
Amplihidcninodulabon  von  Mikro- 
welleii.  By  .MigncI  Sanlcsmascs, 
Verlag  Leemann,  Znrich,  Switzer¬ 
land,  19 >7.  Use  of  ferrites  in  wave¬ 
guides  and  their  application  to 
amplitude  modulation  using  Fara¬ 
day  effect  and  resonance  absorption. 

One  Hundred  Electronic  Circuits— 
Vol.  1.  By  M.  II.  .\ronson  and 
C.  F.  Kczer,  Instruments  Publish 
ing  Co.,  Inc.,  Pittsburgh,  Pa.,  167 
p,  19s7.  Simple  circuits  with  de¬ 
tailed  specifications  and  all  compo¬ 
nent  values  cover  a  wide  variety  of 
applications  including  power  sup 
plies,  oscillators,  pulse  and  signal 
generators,  etc. 

Soviet  F^diicatioii  for  Science  and  l  ecli- 
nokigy.  By  Alexander  G.  Korol. 
Technology  Press  and  |ohn  NN'ilcy 
&  Sons,  Inc.,  New  York,  19>7,  sl  T 
p,  SS.sO.  Ccneral  outline  of  tlic 
entire  Soviet  educational  system 
from  elementary  to  graduate 
schools,  with  detailed  illustrations 
of  training  in  physics  and  mechani¬ 
cal  engineering 

The  Elements  of  Physics.  By  Smith 
and  J  Ctiopcr,  McCraw-Hill  Brwik 
Co.,  Inc.,  New  York.  19s7.  669  p. 
ST.SO.  This  sixth  edition  has  a  le 
written  section  on  electricity  and 
magnetism.  In  addition,  the  nnm- 
Ixrr  of  problems  has  been  ap 
proxirnatc'ly  doubled  Emphasis 
continues  to  be  on  the  practical  ap¬ 
plication  of  physics  to  cvervday 
living 

.\  Guide  to  Effective  Rc|)ort  AN'ritiiig. 
Industrial  Relation  Nc’ws.  2T0  W’ 
41  St.,  New  York.  N.  Y..  19  v. 
TO  p,  Sl  .TO  (paper).  TTiis  concise 
publication  first  acquaints  the  reader 
with  different  types  and  forms  of 
reports,  then  giscs  him  advice  on 
illustrations,  typing,  pimctnation, 
layout  and  other  practical  .aspects 
of  turning  out  a  report. 
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TO:  ALL  MANUFACTURERS 


FROM:  electronics 


electronics  publishes  all  new  product  items  of  inter¬ 
est  to  makers  and  users  of  electronic  and  allied 
equipment. 


The  reverse  side  of  this  card  provides  a  service  to 
subscribers  by  facilitating  the  flow  of  additional  in' 
formation  between  manufacturers  and  our  readers. 


Take  advantage  of  Reader  Service — and  the  readership 
of  electronics. . .keep  the  industry  informed  about  your 
New  Products  and  New  Literature  via  their  mention  in 
the  editorial  pages  of  electronics. 
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FOR  ENGINEERING  DEVELOPMENT,  FIELD  TESTING, 
LAB  EXPERIMENTATION.  PRODUCTION  TESTING 


1  .^r  FEATURES: 

1  A  •  Oparotion  i$  flmpla  and  acccurata. 

I  I  ^  ^  m,W  •  SimultanaouMly  maatura$  magnituda 

^  ^  ftK  7  and  phasa  of  €omplax  AC  voltogat. 

f.  ($inu§oidal  and  non-ainutaidal) 

•  Mognituda  and  phata  laad  diractly  from 
dial  and  malar  tcolas.  Cerraat  quadrant  , 
inditalad  on  full  360*  dial.  A 

O  Oparotat  on  tarriar  fraquanciaa  from 
30  tpt  ro  10  KC.  ^ 

•  Maaturat  phata  and  magnHuda  of 
amplifiar  inpul  impadantat  in  lha 
pratanta  of  noita.  Tha  phata  analytar  JK 
diuriminalat  signal  from  noita. 

6  Maaturat  synchro  nullt. 

*  Idaally  tuilad  for  tarvo  tytlam  alignmanl.^^F 
REQUEST  BULUTIN  S67S. 


Wherever  designers  and 
specifiers  have  immediate 
need  for  readily  accessible, 
necessary  product  informa¬ 
tion  at  their  breadboards, 
there,  year  after  year,  will 
you  find  the  ELECTRONICS 
BUYERS’  GUIDE.  "Who 
makes  what  produa  or  pro¬ 
vides  what  service.^’’  "Where 
can  I  buy  it.^’’  "Where  can  I 
find  complete  and  accurate 
produa  specs?”  These  are 
questions  that  are  asked  daily 
by  the  men  who  design-in 
electronic  produas;  these  are 
questions  that  have  been  an¬ 
swered  for  the  past  seventeen 
years  by  the  "Guide,”  the  ac¬ 
cepted  reference  book  of  the 
industry. 

Year  after  year,  the  4esign- 
ers  of  the  industrj’  have  pre¬ 
ferred  the  "Guide”  for  its 
Sinifflicily  of  Style  (as  easy 
to  use  as  a  telephone  direc¬ 
tory),  for  its  Accuracy  (the 
industry  helps  the  Research 
•Staff  revise  its  listings  every 
year)  and  its  Complete  Prod¬ 
uct  Specs  (advertisers  have 
told  their  complete  produa 
stories  in  the  "Guide”  con¬ 
sistently). 

T he  key  people  of  the  in¬ 
dustry— the  buying  influ¬ 
ences— rely  on  the  "Guide" 
for  the  answers  to  their 
product  problems. 
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COMMUNICATIONS  and 
RECONNAISSANCE 
SYSTEMS  ENGINEERING 


New  programs  at  The  Ramo-Wool- 
dridge  Corporation  have  created 
unusual  opportunities  for  elec¬ 
tronic  engineers  and  scientists  in 
systems  engineering.  The  work 
will  include  system  synthesis  and 
analysis,  and  the  development  and 
application  of  advanced  tech¬ 
niques. 

Candidates  should  hold  advanced 
degrees  in  E.E.  or  Physics,  and 
have  experience  in  operations 
analysis,  systems  analysis,  or 
systems  engineering. 


For  Product  Data 


Inquiries  should  be  addressed  to 
Mr.  C.  J.  Breuer. 


P  0  BOK  4S444.  airport  STATION 
LOS  ANGELES  4S.  CALIFORNIA 


THE  RAMO-TTOOLDRIDGE  CORPORATION 
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The  Marconi  20 -Me  Sweep 
Generator  can  be  used  in  con¬ 
junction  with  any  oscilloscope 
for  direct  display  of  video  res¬ 
ponse  characteristics  up  to  20 
Me.  The  instrument  is  designed 
for  precise  measurement.  Fre¬ 
quency  is  indicated  by  crystal- 
controlled  marker  pips;  and  a 
special  circuit  provides  for  dif¬ 
ferential  amplitude  measurements,  enabling  relative  response  to  be  determined 
with  a  discrimination  better  than  0.01  dB. 


MARCONI  20-Mc  SWEEP  GENERATOR 
TYPE  1099 


tkkrUfi  Spaetfltatl0a 

Frequency  Swept  Output:  Fre¬ 
quency  Range  :  Lower  limit  100 
kc.  Upper  limit  20  Me.  Output 
level  :  Continuously  variable 
from  0.3  to  3  volts.  Output 
Impedance;  7511.  Tinte  Base: 
Repetition  Rate  ;  SO  to  60  cps. 
Output  for  c.r.o.  X  deflection : 
250  volts.  Frequency  Markers: 
At  1  Me  intervals;  every  fifth 
pip  distinctive  and  crystal  con¬ 
trolled.  Tubes:  6AK5,  6BH6, 
5763.  6BJ6.  6CD6G,  6BF6, 
I2AT7,  I2AU7,  6C4.  5V4G. 
OA2,  5651. 


Send  for  leaflet  BlUtC. 


Ml  CEDAR  LANE 
ENGLEWOOD 
NEW  JERSEY 
Tall  LOwall  T-OEOT 


CANADA  :  CANADIAN  MARCONI  CO  •  603S  COTE  DE  LIESSE  •  MONTREAL  9 


TCH9 


'  COMMENT 

.\iid  More  Symbols 

Conimciits  alxittt  the  conflict 
iK'twccii  symbols  for  transistor  and 
gated  rectifier  (June  20,  p  ISH  and 
.\ug.  1,  p  1S9)  raise  a  cpicstion 
of  great  concern  to  the  circuit 
designer,  since  circuit  dugrains 
must  fx'  clearly  nndcrstiKKl  in  order 
to  fulfill  their  pnrjjosc. 

Ilie  rapid  p.ice  of  progress  in 
this  field  leaves  the  engineer  short 
of  symbols,  short  of  standards,  and 
short  of  breath  in  keeping  tip  with 
the  advance  of  tcchnologv. 

riic  fountainhead  of  informa¬ 
tion  in  this  matter  is  made  up  of 
the  Institute  of  Radio  Kngincers, 
.\mcrican  Institute  of  I'lcctricat 
1‘aigineers.  American  Standards  ,\s- 
srxiation.  and  the  office  of  stand- 
ardi/iition  of  the  nepartment  of 
nefensc.  .\11  these  groups  have 
coojx’rated  to  prepare  the  military 
standards  known  as  "Mil  S|x'cs.” 
Ilie  militarv’  standard  for  graphical 
symbols  is  MlI.-STD-l  v\.  It  is 
mandatory  for  all  government  con¬ 
tracts. 

I  his  standard  shows  this  symbol 
for  a  tctriKle  transistor 

and  this  for  a  pentode  transistor. 

Obviously  the  gated  rectifier  sym¬ 
bols  used  by  Ki  kc  ikomcs,  as  well 
as  that  proposed  b\  Messrs.  I’ren- 
zel  and  Chitzwillcr  (Comment, 
jiine  20)  infringe  on  the  ones  al¬ 
ready  approved  by  MII.-S  TI'Vl  5.\ 
for  special  transistors. 

Mil  S|X’Cs  have  not  caught  up 
yet  with  the  gated  rectifier,  and  no 
official  symbol  is  available  now  for 
this  device. 

W  hatever  modification  is  made 
to  the  standard  rectifier  symbol  in 
order  to  represent  a  control  gate 
terminal,  it  should  not  be  made  to 
resemble  a  transistor.  A  transistor 
is  a  current  amplifier,  a  rectifier  is 
not;  and  their  symbols  should  rc- 
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«TrcNiMre 


To  the  man  who  is  looking  for 
FROHTIER  PROJEaS  IN  ELECTRONICS: 


As  an  engineer  or  scientist  who  wants  to  accom-  RADAR  (Putt*  and  CW  Syst«ms)-search,  fire  con* 
plish  more  in  1958,  you  naturally  want  to  be  trol,  bombing,  navigation  and  guidance,  air* 
where  new  things  are  happening.  traffic  control,  weather  and  marine,  military  and 

Whatever  your  specialized  background  and  commercial. 

interests,  chances  are  you’ll  find  a  current  MARINE  EQUIPMENT -submarine,  ship  and  air* 
Raytheon  project  that  offers  exceptional  oppor-  borne  sonar,  depth  sounders,  direction  finders, 
timity  for  you  to  put  your  scientific  skill  and  radars. 

creative  imagination  to  work.  *  « 

GUIDED  MISSILES  — prime  contracts: 

Raytheon’s  constant  expansion  during  1958  Navy  Sparrow  III  (air-to-air) 

covers  advanced  activities  in:  Army  Hawk  (ground-to-air) 

COMMUNICATIONS  (Commarciol  and  Military)  -  MICROWAVE  TUBES -“Amplitrons,”  magnetrons, 
scatter,  microwave  relay,  multiplex,  mobile  klystrons,  traveling  wave  tubes,  storage  tubes, 
transistorized  equipment.  backward  wave  devices. 


COUNTERMEASURES-radar  countermeasures 
equipment,  advanced  study  projects. 


SEMICONDUCTORS— devices,  materials  and  tech* 
niques;  silicon  and  germanium. 


CtC»IUi»C9  in  E/«c(roAfcf 


For  interview  and  prompt  helpful  counsel,  please  write  to 
E.  H.  Herlin,  Professional  Personnel  Section 
P.O.  Box  237,  Brighton  Station,  Boston  35,  Mass. 

RAVTHBON  MANUFACTURING  COMPANY 


ELECTRONICS  engineering  edition  —  August  15,  1958 


Recent  Raytheon  achievements  in  Microwave 


THE  MICROWAVE  CIRCULATOR.  Typical  of  recent  Raytheon  devel¬ 
opments  in  advanced  microwave  equipment  and  components  is 
the  microwave  ferrite  circulator  recently  developed  by  Raytheon’s 
Special  Microwave  Device  Group.  HOW  IT  WORKS;  in  the  diagram 
above,  transmitted  signals  enter  arm  (1)  vertically  polarized. 
They  are  then  rotated  45*  from  the  vertical  in  a  ferrite  Faraday 
rotator  with  a  longitudinal  field  applied  by  a  small  cylindrical 
permanent  magnet.  They  flow  out  of  the  circulator  at  the  antenna 
arm  (2)  which  is  set  at  the  same  45*  angle.  Received  signals  fed 
into  the  antenna  arm  are  rotated  an  additional  45*  by  the  ferrite 
Faraday  rotator  and  can  only  leave  through  the  receiver  arm  (3). 
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fleet  the  wide  difference. 

Mv  suggestion  is  a  symbol  along 
these  lines: 


that  is,  the  standard  rectifier  sym¬ 
bol  extended  to  include  the  stand¬ 
ard  for  a  terminal,  which  is  a  small 
circle,  the  P  or  N  to  signify  the 
kind  of  gate  terminal. 

John  J.  Rivi  ra 

h’KOKRAI.  'I  ei  kcommi'nication 

I.ARORAIORIKS 

Bei,lk.vii.i.e,  N.  j. 

Reader  Rivera’s  letter  came  into 
our  office  before  we  had  a  chaiiee  to 
print  the  reasoned  and  definitive 
discussion  of  the  problem  by  S.  K. 
Ghandhi  of  IRK’s  semiconductor 
svmbol  group  (C'omment,  Aug.  1, 
p  159),  Reader  Ghandhi  made 
clear  in  his  letter  the  philosophy 
of  IRK  in  setting  up  symbol  stand¬ 
ards: 

“Svmbol  structure  must  lx  a 
logical  extension  of  a  well-accepted 
svmbol  and  must  lx  capable  of  ex¬ 
tension  to  new  desiccs  as  the  state 
of  the  art  progresses.  A  symbol 
should  not  be  based  on  theorv  of 
ojxration  .  .  .  theories  base  a 
habit  of  Ixing  improsed  continu- 
ouslv . \  symbol  should  indi¬ 

cate  the  phvsical  properties  where 
possible  without  complication.” 

Ilie  svinlxils  suggested  by  Mr. 
Rivera  in  the  last  pragraph  of  his 
letter  seem  to  be  based  more  on 
theorv  than  on  physical  pTO|xrties. 


•  n  ,  ELECTRIC  SOLDERING 

mencan  Beauty  irons  give  you  bothi 

Each  American  Beauty  Iron  Model  is  carefully  engineered 
for  its  specific  use  . . .  built  of  the  best  materials  available, 
to  do  your  job  better  for  longer. 

Whether  you  select  the  tiny,  new,  '/i'  tipped  Super-hot 
T-30’s  with  plug-in  transformers  for  production  use  on 
delicate  connections  or  the  full  I'/fc'  tipped  “whoppers” 
for  big  area  production  work,  you’ll  get  the  same  quality 
-THE  BEST. 

Send  us  your  soldering  problems.  Our  many  years  of 
specialized  experience  are  at  your  service. 

Wnfe  for  16-page  ilhstrated  catalog  containing  full  information  on  oor  con^ef« 
fine  of  soldering  irons — including  their  use  and  core. 

_  Nmerican  Beauty 

— A  kywrd  tiutt  1894. 


MERICAN  ElECTKICAl  HEATER  COMPANY 


CIRCLE  236  READERS  SERVICE  CARD 


pieeiiim 


MOLDED  &  EXTRUDED  SILICONES  &  RUBBERS 
HIGH  TEMPERATURE  RIGID  OR  FLEXIBLE  > 
PRINTED  CIRCUIT  MATERIALS  jT 


^  .  .  .  ochiavamanli  in 

•leclronict  require  precision 
monufocluring  lechniquet  .  . 
'  rubber  and  silicone  ports,  extru- 

sions,  and  diaphragms  must  meet 
extreme  standards  ...  at  Pacific 
Moulded,  we  have  met  the  highest 
specifications  in  natural  rubbers, 
"Silon"  silicones,  "Tufsil"  nitriles,  butyls, 
Electrosil"  neoprenes,  hypalons,  GRS  and 
^  other  elastomers  for  all  segments  of  industry 

requiring  intricate  or  precision  rubber  techniques 
.  .  .  our  experienced  rubber  engineering,  chemistry 
and  production  is  os  near  as  your  telephone  . . ,  agent* 
in  principal  cities  or  wire  us  directly  .  .  . 


An  Krror  in  Authorship 

Mv  name  appeared  as  one  of 
the  co-authors  of  the  article  “New' 
Intermetallics  Offer  Wide  Infra¬ 
red  Response”  (July  4.  p  4S). 
Since  1  did  not  actually  make  any 
contribution  to  this  article,  1  would 
appreciate  a  notice  deleting  my 
name  as  author. 

'Iliank  you  very  much  for  recti¬ 
fying  this  error. 

.\l.AN  J.  SiRAIISS 
Chicago  Midway  I.aboratorif.s 
Chicago,  li.i.. 

Reader  Strauss’  valuable  work  in 
intennetallics  apparently  got  in  our 
way. 


PACIFIC  MOULDED  PRODUCTS  COMPANY 

905  East  59th  Street,  Los  Angeles  1,  Calif omia 
Telephone:  ADams  1-1151 
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ENGINEER  OPPORTUNITIES  AT  RAYTHEON 


SKCUK'l' 


SKCUK'I'  g 


■  i 

I  zone  moil  indeed  | 
results  in  speed  | 

The  Post  Office  has  divided  106 
cities  into  p>ostuI  delivery  zones 
to  speed  mail  delivery.  Be  sure 
to  include  zone  number  when 
writing  to  these  cities;  be  sure 
to  include  your  zone  number 
in  your  return  address  —  after 
the  city,  before  the  state. 


RAYTHEON  MISSILE  CONTRACTS  now  cover  complete  systems 
responsibility  for  both  air-to-sir  and  surface-to-air  missiles. 


These  advanced  missile  projects 
call  for  exceptional  creativity 

The  need  for  engineering  resourcefulness  and  creativity 
grows  continually  as  Raytheon  missile  activities  expand 
into  new  areas. 

As  an  experienced  engineer  with  a  keen  interest  in  working 
on  advanced  missile  projects,  you  can  begin  building  a 
rewarding  future  at  Raytheon  today. 

There  may  well  be  an  opportunity  in  one  of  the  following 
areas  that  is  right  for  you: 


SYSTEMS 

PACKAGING 

MICROWAVE 

RADAR 


APPLICATIONS 
CIRCUIT  DESIGN 
RELIABILITY 
SPECIFICATIONS 


For  interview  at  our  suburban  laboratory  in  Bedford,  Mass., 
write,  wire  or  telephone  collect:  CRestview  4-7100.  Ask  for 
R.  W.  McCarthy. 

RAYTHEON  MANUFACTURING  COMPANY 

■•iffortlf  Massaehuawtts 


Excellence  in  Electronici 


M/SS/L£^  SYSreMS 
DtVtStON 
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IwrioNAiy 

iOVERAGE 


Positions  Vocont 
Positions  Wanted 
Port  Time  Work 


EMPLOYMENT  OPPORTUNITIES 

The  A«lverti«*'mentii  In  llii«  i»e<*tion  inrluHe  all  employment 
opportunltie»— A*xecutlve,  management.  te<‘hnU*al.  aelllnK.  ottlce, 
skilled,  manual,  etc. 


Civil  S^rvica  Opportunitivs 
Selling  Opportunities  Wonted 
Selling  Opportunities  Offered 


DISPLAYED 


- RATES— 


Employment  Agencies 
Employment  Services 
Labor  Bureous 

UNDISPLAYED 


The  advertifltnR  rate  la  I3K.67  per  Inch 
for  all  advertising  appearing  on  other 
than  a  contract  basis,  roniract  rates 
MU<»ted  on  re<iuest. 

All  HiUertiHliiiC  Inch  is  measured 

vertically  on  a  column — 3  columns — 3i» 
ln«'hes  to  a  paice. 

Sulijeci  to  AKency  ('ommission. 


g'i.tO  per  line,  minimum  S  lines.  To  flenre 
advHnce  pa.vmeiit  count  5  iivemee 
words  as  a  line. 

lio\  Niiinlierfi — <‘«»unts  ns  1  line. 

IHfM'Ount  of  10'/^  If  full  payment  is  made 
in  advance  for  4  consecutive  Insertions. 

\'ot  subject  to  Aaen«-y  fommlssU»n. 


Send  NEW  ADS  or  Inquiries  to  CIsttItled  Adv.  Oiv.  of  ELECTRONICS.  P.  0.  Box  12  N.  Y.  36.  N.  Y. 


Gnuhuite  ELECTRONIC 
ENGINEERS  &  PHYSICISTS 


ARINC  U  engaged,  pre¬ 
dominantly.  in  research 
on  the  complex  inter¬ 
relationships  Itetween 
systems  reliability  on 
the  one  hand  and  com¬ 
ponents,  enTironments, 
design,  and  human  fac¬ 
tors  on  the  other.  Basic 
obiectiTe  is  to  achiere 
o  quantitotiTe  under¬ 
standing  of  the  factors 
which  influence  reli¬ 
ability. 


You  are  invited  to  ex¬ 
plore  these  permanent 
positions.  Write  in  con¬ 
fidence  to 

Mr.  C.  P,  Sonneborn 


Selected  Positions 

.  .  .  For  electronic.^  engineers  and 
physicists  with  experience  in  analyses 
and  complex  systems  evaluations  to 
study  missile  and  other  system  reli¬ 
ability — and  develop  reliability  pre¬ 
diction  techniques.  VV'ork  reejuires 
imagination  and  originality  for  plan¬ 
ning  new  studies  and  re.solving  prob¬ 
lems  on  reliability  of  electronic 
equipment  and  component  parts.  Re¬ 
sponsibilities  include  determination 
of  parameters  which  effect  reliabili¬ 
ties  and  development  of  mathematical 
models  relating  the  parameters  to 
principles  of  physics;  study  and  de¬ 
termination  of  deterioration  mecha¬ 
nisms  which  cause  degradation  of 
electronic  components ;  isolation  of 
factors  that  combine  to  make  for 
reliability  ...  as  well  as  the  larger 
and  more  difficult  task  of  correlating 
the  inter-effects  of  individual  compo¬ 
nents  to  each  other  and  to  a  system 
in  its  entirety. _ 


ARINC  RESEARCH  CORP.  ^ 

1700  K  Street,  N.W„  Wathington  6.  D.  C. 


SALES  ENGINEER 

WANTED 

Lcrution  will  be  •ither  New  Yiirk  City  or  PhiUdH* 
qhia.  Pa.  to  sell  to  mitsilo  and  aircraft  companici 
hiph  speed  relays,  choppers,  pressure  switches  and 
transducers.  Should  have  electrical  enpineerinf  de* 
•ree  althouph  will  consider  mechanical  enpineers 
who  have  pood  backpround  In  electrical  field.  Ex* 
cellent  opportunity. 

Write  Harry  E.  Beane,  Vice  President, 

THE  BRISTOL  COMPANY 

Waterbury,  Connecticut. 


ELECTRICAL 

ENGINEER 

With  heavy  background  In  capacitori  or 
dielectrics — to  toke  charge  of  research 
and  development  for  nationally  known 
capacitor  manuiacturer — supervisory  ex¬ 
perience  desirable.  Write  stating  age. 
education  ond  experience  in  detail. 

Klerironirs 

S2U  N.  Mli'lilKun  Ave.,  ('hiriiRO  11,  III. 


Engineers 


CBS  -  HYTRON  i 

Your  profossionol  ochiovomonts  with  * 

CSS  or#  limitod  ONLY  by  your  poton- 
fiol  for  truly  crootivo  onginooring.  Im-  ^ 

portont  rosponsibility  comos  your  way  r 

quickly  to  giv#  you  ovory  opportunity  ^ 
lo  odvanco  os  fur  and  os  fost  os  your 
obilitios  toko  you  .  .  .  whilo  you  work  Z 
with  looding  ongirYoors  in  on  industry  z 
morkod  for  trpmondous  pxponsion.  I 


coreer  posifions  are  now  open 
CIRCUIT  DESIGN  ENGINEER 

For  o  toom  dovoloping  vocuum  tube 
tost  oquipmont.  A  groduoto  pnginoer 
with  2  yoors  pKporionco  in  circuit  do> 
sign.  ExcolUnt  proioocts  for  th«  right 
man,  ot  our  n«w  aevolopmont  focili* 
fios  in  Nowburyport. 

SEMICONDUCTOR  ENGINEERS 

For  production  ond  dovolopmont  of 
our  modorn  lowpll  plant.  Groduotp 
•loctricol,  mochanicaf  and  chomicol 
anginoort  and  physics  mojors.  Sorni- 
conductor  pxpoiipnco  roquirod. 

ELECTRONICS  PRODUCT  ENGINEERS 

(1)  An  onginopf  with  pulsp  typp  rpcpiv* 
ing  tubp  or  rplotpd  pxppripncp  for  our 
sppciol  tubp  spction  ot  our  Npwbury- 
port  Plant. 

(2]  Enginpprs  with  rpcpiving  tubp  or 
rplotpd  pxppripncp  for  our  Oonvprs 
plant. 

APPLICATIONS  ENGINEERS 

Fomilior  with  rpcpiving  tubp  or  pipe* 
tronic  circuit  applications.  Chalipnging 
oppnings  for  pnginpprs  in  oppheo- 
tions  fipid. 


ELECTRON  TUBES 


4^^ 


SEMICONDUCTORS 


SrMtt  your  rtsume 
iudifuliug  lalary 
desired  to 
Mr.  C.  D.  Hr., id. 
Plai  emeul  Direrlor. 
It  will  be  eKCordtd 
ehinlule  confideure 
and  you  uill  rereite 
a  prompt  auiuer. 


CBS -HYTRON 


A  DIvltlon  of  5 

Columbia  Broodco.ling  Sy«l,m,  Inc.  £ 

DANVERS  PIANT 

112  Endicof*  SI.  PH:  SP  4-2340  = 

DANVERS.  MASS.  c 

(A  tuburb  of  Boston)  y 
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EMPLOYMENT  OPPORTUNITIES 


KAMAN  AIRCRAFT 
has  openings  for 
several  qualified 

electronics  engineers 

to  join  a  imoll,  competent  and 
well  equipped  group  of  engi¬ 
neers  who  ore  applying  unusual 
automatic  control  systems  to 
manned  and  unmanned  helicop¬ 
ters. 

If  you  have  two  or  more  yeors 
of  experience  in  design  and  de- 
velapment  of  avionic  equipment 
utilizing  transistors,  magnetic 
amplifiers  and  electro-mechanical 
components  and  have  some  ex¬ 
perience  with  feedback  control 
systems,  we  would  like  to  hear 
from  you. 

Your  work  assignments  will  be 
varied  and  challenging,  as  you 
will  work  on  a  project  during  its 
design,  development  and  flight 
test  phases.  Salary  is  compatible 
with  work  experience  and  ability. 
Fringe  benefits  include  gradu¬ 
ate  study  plans,  group  insurance, 
pensian  plan,  etc. 

S«nd  complvr*  rttym»  to: 

W.  M.  TYNAN 

Adminittrotiv*  En9in««r 

AIRCRAFT  CORPORATION 

Bloomfield  Connecticut 


OPP-^’-  „s  or  cu**'**’;^ 

\a  R-f" 

po  Mrhof** 

and  M»c^®' 

:  «  »•  _ 

^  ■■ 

..  ,e«» 

■t  us  fo’’  ^  "  I!  ,f*rherf 

AVCO 

,S«  AMMOroH  MR 


U***f^isstUs 

,oi  ro" 


cl> 


.-sjsrsS”""" 
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EMPLOYMENT  OPPORTUNITIES 


I  A  position 

ELEOTRONIO  1  to 

_  fit  the 

ENGHN-EE3R-  1  ireaiive 

I 

I  man 

Is  this  your  idea  of  a  creative  assignment? 

Solrinq  complex  circuit  design  problems  in  these  Helds; 
electronic  missile  guidcmce.  memory  circuits,  digital 
and  analog  deTices,  airborne  radar  systems — pulse  and 
transistor  circuits. 

An  engineer  with  the  necessary  intellectual  curiosity  and 
an  inrentiTe  mind  to  carry  such  problems  to  a  successful 
conclusion  can  go  far  at  the  G-E  Light  Military  Elec¬ 
tronic  Equipment  Department. 

Forward  your  resume  in  confidence  to: 

Mr.  RICHARD  C.  KIMM.  Room  27-Wr 


LIGHT  MILITARY  ELECTRONIC  EOUIRMENT  DEPARTMENT 


GENERAL 


ELECTRIC 


FRENCH  ROAD.  UTICA.  NEW  YORK 


HELICOPTER 

field'  service  representafives 
for  electronics  work 


Unusually  interesting  work  is  involved  in  these  jobs 
with  the  world's  pioneer  helicopter  builder.  You 
will  travel  to  many  places  within  the  area  of  your 
permanently  assigned  base  which  could  be  almost 
anywhere  on  the  globe.  You  will  support  our 
present  field  service  men  with  your  specialized 
knowledge  of  automatic  stabilization  equipment, 
sonar-radar,  Doppler  and  other  electronic  equip¬ 
ment  used  on  or  by  Sikorsky  helicopters. 

To  qualify  for  these  interesting  opportunities  does 
not  require  an  E.E.  degree.  However,  you  must  be 
a  qualified  technician  with  a  minimum  of  five  years' 
experience.  Though  not  essential,  previous  heli¬ 
copter  experience  is  desirable. 

Please  send  complete  resume  to  Mr.  James  L.  Purfield 

SIKORSKY  AIRCRAFT 

One  of  the  Divisions  of  United  Aircraft  Corporation 

Stratford  Connecticut 


P 

H 

0 

PHOENIX 

N 

I 

X 


At  the  cross  roads  of 
opportunity  for  men 
in  Electronics 

GOODYEAR 

AIRCRAFT 

CORPORATION 

ELECTRONIC  LABORATORY 

Arizona  Division 
Litchfield  Park,  Arizona 


A  Subsidiary  of  the 

GOODYEAR  TIRE  &  RUBBER  CO 

ENGINEERS 

IMMEDIATE  OPENINGS 
ELECTRONIC  PACKAGING 
RELIABILITY 
CIRCUITRY 
TEST  EQUIPMENT 
ELECTRO-MECHANICAL 
COOLING  SPECIALIST 


Leisure  Living  At  Its  Best 
"In  the  Valley  of  the  Sun" 

Modern  Inexpensive  Housing 


S«nd  return*  tu:  A.  E.  Mpnning 

Engineering  and  Scientific  Personnel 

GOODYEAR  AIRCRAFT 

LITCHFIELD  PARK 
PHOENIX,  ARIZONA 

Similar  opportunities  available  in 
our 

Akron,  Ohio  Laboratory 
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EMPLOYMENT  OPPORTUNITIES 


TAKE  THE  "ELECTRONICS  HIGHWAY 
WHEN  VACATIONING  ^ 

IN  NEW  ENGLAND 


to  discuss  our  newest  projects 
and  your  professional  opportunities 


Cruising  north  alone  Route  128  through  his¬ 
toric  Middlesex  County,  you’ll  see  Sylvania’s 
Waltham  Labs  high  above  the  highway.  Stop 
off  on  your  way  to  nearby  Lexington  for  what 
could  be  an  important  interview  about  a  fu¬ 
ture  in  advanced  electronics  with  Sylvania. 

Big  things  are  happening  in  your  profession 
at  Waltham  Laboratories.  This  is  where  Syl¬ 
vania  engineers  and  scientists  are  developing 
the  Data-Processing  nerve-center  of  BMEWS 
(giant  new  program  for  a  Ballistic  Missile 
Early  Warning  System). 

Work  on  PLATO  (AMM  system  for  which 
Sylvania  is  Weapons  System  Manager)  is  also 
centered  here . . .  plus  development  programs 
for  other  major  electronic  defense  projects. 


Typi^jl  el 

Nf«t  Cnglend  ^ 

•  ttufdy  Old  lighinoun*  > 


Qftery  ground  >o»fon 


K#orf  of  Pilgfim 


Country.  Going  north,  toko 
Exit  42A  for  Sylvonio  (12  milos 
from  Softton  Comn^n).  Mony 
touritt  ottroctiont  aro  closo 
•i>ough  for  o  doy't  tightMoing. 
And  128  connoett  with  moin  routoi 
to  oil  Now  Englond. 


current 
opportunities 
at  Syli'ania  are  too 
good  to  ftass  by. . . 


DATA  PROCESSING 
LABORATORY 


MISSILE  SYSTEMS 
LABORATORY 


AVIONICS  LAB 

•  Microwave  component.^ 
doHiKn  includina  multi¬ 
channel  filtera  incorpo- 
ratinK  fast-actinir 
microwave  switches 

•  Flush-mounted  broad 
band  airborne  microwave 
antennas 

•  Transistor  circuit  design 
a  development 


•  Sr.  Development  Engineers 

•  Sr.  Packaging  Engineers 

•  Project  Engineers 

•  Sr.  I..ngical  Design 
Engineers 

•  Engineers  with  es|>erience 
in  Radar  Data  Handling 
and  Display 

( Prrviout  digital  data 
prorrating  expertenre  is 
important  for  moat 
aasiynments.j 


•  Advanced  development, 
VHK  &  II HF  submoni¬ 
toring  complex  radar 
systems 


•  Systems  analysis  & 
synthesis  of  complex 
radars,  their  design  and 
simulation 


APPLIED  RESEARCH  LAB 


•  Research  A  Systems  Appli¬ 
cation  in  Counter-Counter¬ 
measures,  Operations 
Research,  Analysis  A 
Applied  Physics 


•  Problems  in  atmospheric 
physics,  ionixed  gases, 
astronautics 


Send  your  resume  to  Erling  Mostue 
WALTHAM  LABORATORIES.  Electronic  Systems  Division 


Interview  and  relocation  expenses  paid  by 
Sylvania.  Iniiuiries  will  be  answer^  within  2 
weeks.  Cenvenient  Saturday  interviews  arranged. 


SYLVANIA  rr 


SYLVANIA  ELECTRIC  PRODUCTS  INC. 

TOO  First  Avenue  •  Waltham  54,  Massachusetts? 


ELECTRONICS  engineering  edition  —  August  15,  1958 


EMPLOYMENT  OPPORTUNITIES 


New  Engineering  Building  now  under  construction  for  Edo,  prime  conHitctor 
to  V.  S.  Government.  Ultra  tnodern,  completel)  air  conditioned. 

Edo  Corporation,  solid,  established  firm  with  aggressive  man¬ 
agement  and  large  backlog,  requires 

■jf  2  Senior  Electronic  Project  Engineers 

■jf  6  Electronic  Project  Engineers 

Projects  include  high  power,  complex  electronic  systems  for 
military  and  commercial  use.  Experience  in  the  field  of  radar, 
loran  or  sonar  a  must.  Experience  in  transducer  and  hydro¬ 
phone  design  most  desirable.  Unusually  liberal  personnel 
policy. 

Please  send  resume  to 

C.  L.  Fenn,  Chief  Engineer 
Edo  Corporation 
College  Point,  L.  I.,  New  York 


Professional  Services 


CROSBY  LABORATORIES,  INC. 

Murray  G.  Crosby  &  Staff 
lUdlo  -  Eleetrooiof 

lUcMreh  Dnelopmrnt  *  Uanufacturlng 
Communloatloiis.  FM  A  TV 


ALBERT  PREISMAN 

Consulting  Engineer 
TelerislMi.  Pulnr  TMhnlquM.  Vtd«o 
Amplifleri.  PatAt  eoofoltAtlon. 

616  8t.  Andrewn  L*np.  Silver  Sprlm.  Mpryland 


ELECTRONIC  RESEARCH 
ASSOCIATES,  INC. 

•TRANSISTORIZE”  TOUR  PRODfCT! 
Complete  Herrlce  In  coosultlnt.  reiearch.  develop' 
ment.  end  production  on  TrantUtor  clreultrV. 
product!  and  Instnimentatlfm 
67  Factory  Place  Cedar  Oroore,  N.  J 


TELECHROME  MFC.  CORP. 

Electronic  Design  Specialists 

rOUIR  TELEVISION  EQI'II’MENT 
Flylnc  Spot  Scannere.  Color  SyntheelxerH,  Keyern. 
Mooltore.  0<«cinosoopea  aad  Related  Apparatus 
TelemeteiiEUt  for  Guided  Ml.osllen. 

J.  R.  Popkln  Clurmao.  Pree.  4  Dif.  ef  Kng. 
tS  Raotck  Dr.  AmltjrlUe.  L.  I..  N.  T. 


Qy4t  Your  Service . . . 


These  Classified  Sections  are  at  your  service  to  bring  business  needs  or 
"opportunities"  to  the  attention  of  men  responsible  technical,  engineer¬ 
ing  and  in  executive,  management,  sales  and  operating  capacities  with 
the  industry  served  by  this  publication. 
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ENCiras... 


•  MISSILE  TRAINERS 

•  INSTALLATION  ENGINEERS 

•  ENGINEERING  INSTRUCTORS 

•  MAINTENANCE  ENGINEERS 

•  MANUAL  COOROINATORS 


FIELD  ASSIGNMENTS 
HOME  and  ABROAD 

with 

CHRYSLER 
MISSILE  DIVISION 

located  in  Suburban 
DETROIT,  MICHIGAN 

F]\pan(line  activities  on  our 
prime  ballistic  missile  contracts 
— RKDSTONE  and  JLIMTKR— 
require  the  addition  of  experi¬ 
enced  technical  personnel  for  our 
Field  Enfrineerine  Section  at 
both  ilomestic  and  overseas  lo¬ 
cations. 


Current  openinRs  incluile  man- 
aaement  positions  on  the  Field 
EnKineerin^  Staff  in  Detroit  ainl 
at  various  field  locations. 

To  c|ualify,  applicants  must  pos¬ 
sess  at  least  2  years  technical 
schoolinK,  a  solid  entrineerinK 
backfrround  in  missiles,  aircraft, 
electronics,  military  eijuipment 
or  related  missile  field  eiifrineer- 
ing  activities  and  strictly  mobile 
for  job  assignments. 

Candhiates  selected  for  the.se 
positions  will  enjoy  excellent 
starting  salaries,  a  variety  of 
interesting  work  assignments, 
outstamling  promotional  oppor¬ 
tunities  and  an  unique  and  re¬ 
warding  field  lienefit  program. 

P'or  further  information  submit 
a  complete  resume  of  your  c|uali- 
fications  in  confidence  to: 


Mr.  J.  A.  Murray 
Technical  Recruitment  Supervisor 

CHRYSLER  CORPORATION 

Missile  Division 
P.  O.  Box  2628 
Detroit  31,  Michigan 


EMPLOYMENT  OPPORTUNITIES 


SR.  ELECTRICAL  '| 
PRODUCT  ENGINEER  | 

,  .  ,  for  design  of  expanding  ~ 

Norefco  preducf  fine  ^ 

I'HILirS  KLKCTKONICS,  Inc.  | 
— eiiKaKt*'!  in  <levelopinK  in-  g 
.'itrumentation  for  re.-^earch,  1 
materials  control  and  prmiue-  i 
tion — offers  a  senior  engineer  1 
an  unusual  opportunity  to  per-  g 
form  electronic  desiKn,  estab-  1 
lish  test  spi'cifications  an<l  | 
supervise  construction  of  pro-  | 

totype  units,  includinj;  follow-  | 

throuRb  on  manufacture  anil  | 
assembly  problems  as  they  re¬ 
late  to  enRineeriiiR  tlesifrn.  | 

Background  sfiould  include. 

.  .  ,  *it  ItitHt  ^  yrfirp*  fj^pt  rhnrr  \ 

Jn  pnrimium  ^ 

Btt  MtH*  rtttiHoM  i 

.  .  .  knotrh  Hyt  uf  iin</  yuimr  ig 

cinmitry.  n*hvHum  nntl  | 

rhrttonir  p^trk^iying  y. 

Typical  proiluct  exjierience  I 
miRht  cover  power  supplies,  | 
amplifiers,  computer  circuitry.  | 

Phftit*  vritr  in  fnUrt,nfi*i*nr*,  g 

niatiny  BnUiry  rrftmi»*m*nl»,  tu:  I 

.MR.  ROBKRT  L.  FORD  I 

IVrwiuiH'l  Muiiaic*‘r  | 

PHILIPS  ELECTRONICS.  Inc.  I 

7'»0  South  Fulton  .Avenue,  s 
.Mt.  V'ernon,  New  York  /= 

/ 


GRADUATE  EE  s 


Research  A  Development 
Systems  Engineering 
Digital  Applications 
Instrumentation 
Product  Design 


TODAn  OPPORTUNITIES 

with  General  Electric’s  Missile  Guidance  Section 

CARRY  IMPORTANT  RAMIFICATIONS 


SR.  ELECTRICAL 
PRODUCT  ENGINEER 


for  design  of  expanding 
Norelco  product  fine 


PHILirS  KLKCTRONICS,  Inc. 
— eiiRaReil  in  developinR  in¬ 
strumentation  for  re.search, 
materials  control  and  prmluc- 
tion — offers  a  senior  enjfineer 
an  unusual  opportunity  to  per¬ 
form  electronic  ilesiRn,  estab¬ 
lish  test  specifications  and 
supervise  construction  of  pro¬ 
totype  units,  includinR  follow- 
throuRh  on  manufacture  and 
assembly  problems  as  they  re¬ 
late  to  enRineeriiiR  desifrn. 


Background  sfioufd  inefude. 

.  .  .  fff  U'Unt  i  yrnm'  t  *pt  rirnrr 
In  t  irftru^m**‘knni>ni  urtrimiun  <n* 


.  .  .  knutrltHy*  uf  tiimittl  unit  ynlmr 
riitnitiy.  rumuuM0r*i  ii4lfvHt»n  nntf 
f  l<  rtf  ftsir  f  (iM tifkMi  Hi  tHirkuoina 


Typical  prcMiuct  exj)enence 
miRht  cover  power  supplies, 
amplifiers,  computer  circuitry. 


trriir  in  fnll  rtin/Hh  nr* , 
nfetiny  nnhity  rr*fmii*m*nt»,  tu: 

MR.  ROBKRT  L.  FORD 


PHILIPS  ELECTRONICS.  Inc. 

r.'iO  South  Fulton  .Avenue, 
.Mt.  V'ernon,  New  York 


ENGINEERS 


ir  A(»u  hatf  lonklnc  fur  an  Ati'nrv 

that  U  .«klllr<l  tn  rha  tTATC  OF  THE  AflT  of 
T<N*hiilral  KMTiil'motit  and  RELIABILITY  OF  IN* 
FORMATION  r<mcmitnc  p^Mlttonn.  mhf  not  font 
niiiniratr  atih  n't  at  nnrrt 

AM*  FKK  fAIO 

FIDELITY  RERRONNEL  RERVICE 
III!  Clitttnat  Rf  PRila  7.  Ra. 

Hpr(n4U$t  ia  Ari0tinn,  KUrtr«nfra  ttn4  SmHnnntta 


AhhHEHfi  IIO.V  .VO.  KEPUF.H  TO:  ftux  Vo. 
d  lilr.  Olr.  of  fkiti  ftnhiirttihm. 

HrntI  to  offirr  nnirtat  y*tm. 

\FW  Yttfth  r  o  Box  t! 

flitr.ifJO  It:  &i0  X,  Mirkhnm  Arr. 

BAX  FKAXriMVO  J;  AH  Pu$t  Rl. 

SiuiNG  OFPOBTUNrrr  offerco 

Manwfactvrar  l«  nartNnrfi  Maw  Jaraay  la  In* 

tarantad  in  ohlaininif  <»utair1a  ronitultant  hav* 
ins  thnrnuirh  hackirround  an«l  axpahanra  In 
tlaniffn  and  davalopmant  of  dalay  linatt  and 
pulaa  tranaformara.  KW*n  1  lA.  Klactronira. 

SflifNG  OPPOPJUNirr  wanted 

Autamatiafi  It  Ovr  Spaclalty.  Maiiiifacturart* 

Ka|>  now  covarinir  Aria.,  and  Nav.  o|>an 

for  ona  additional  Hna.  KA-HA20.  Klactronira. 


Your  Inquiries  to 

Advertisers  Will 

Have  Special  Value  .  .  . 

-~for  yow~— tha  odvartitar*— ^nd  tha 
pwblitKar,  if  you  mantion  tbit  publi- 
cetien.  Advartitart  volua  highly  this 
tvidanca  of  tha  publicotlon  you  rood. 
'Sotitftad  odvartiiars  anobla  tha  pub- 
lithar  to  tatura  mart  odvartitari  ond 
— mora  advartitart  maon  mora  infer* 
motion  on  more  produett  or  battar 
tarvica  mora  voluo^to  YOU. 


FOR  SPACE  TECHNOLOGY 


Despite  the  maKnitude  of  the  undertaking,  guiding  a  vehicle  on 
a  >428,000  mile  return  trip  to  the  Moon... or  directing  an 
interplanetary  probe  into  Mars’  orbit  depends  fundamentally 
upon  the  basic  technologies  already  developed  to  guide  surface- 
to-surface  ballistic  missiles  into  their  trajectories. 

The  great  technical  challenges  of  guidance  for  space  explo¬ 
ration  lie  in  the  unprecedented  accuracies,  reliabilities  and  long 
operative  life-spans  that  must  be  engineered  into  the  guidance 
systems. 

ENGINEERS  and  SCIENTISTS  at  G.E.’s  Missile  Guid¬ 
ance  Section  —  with  their  broad  experience  in  creating  highly 
reliable  ICBM  systems  are  well  prepared  to  deal  creatively  and 
effectively  with  space  problems. 

If  You  Are  lnt*r«al*d  In  Joining  a  Oroup  With  Thoso 

Copabliliioa  for  work  in  frontier  areas,  look  into  the  positions 
now  open  with  the  Section,  on  a  number  of  stimulating,  ad¬ 
vanced  projects. 

Significant  experience  in  1  or  more  of  these  areas  is  required: 

Radar  RP  Circuitry 

Communloationa  Tranalatora  oigii«i  Computara 

Countarmaaauras  cy  Teat  Oparatlona 

Antanna  Oaaign  MIcrowavaa  gnglnaarlng  Analyala 


Communloationa  Tranalatora 
Countarmaaauraa  Talamatry 
Antanna  Oaaign  MIcrowavaa 


Forward  your  resume  in  strict  confidence  to 
Mr.  E.  A.  Smith,  Dept.  8-R 

MISSILK  OUlOANCB  SKCTION 


GENERALS  ELECTRIC 


Court  Street,  Syracuse,  N.  Y. 
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Searchlight  Section 


CLASSIFIED 

BUSINESS  OPPORTUNITIES 


ADVERTISING 

EQUIPMENT  -  USED  or  RESALE 


DISPLAYED  RATC  UNDISPLAYED  RATE 

The  odvertiting  rate  is  $24.75  per  inch  for  all  advertising  appearing  $2.40  a  line,  minimum  3  lines.  To  figure  advance  payment  count  5 
on  other  than  a  contract  basis.  Controct  rates  quated  on  request.  average  words  as  a  line. 

AN  ADVERTISING  INCH  is  measured  Tb  inch  vertically  on  one  column,  BOX  NUMBERS  count  ar  one  line  additional  in  undisplayed  ads. 

3  columns-30  inches-to  a  page.  DISCOUNT  of  10%  if  full  payment  is  made  in  advance  for  four  con- 

EQUIPMENT  WANTED  or  FOR  SALE  ADVERTISEMENTS  acceptable  only  secutive  insertions  of  undisplayed  ads  (not  including  proposals.) 
in  Displayed  Style. 

Send  NEW  AOS  or  inquiries  to  Clossified  Adv.  Oiv.  of  Electronics  P.  O.  Box  12,  N.  Y.  36,  N.  Y. 


RADIO-ELECTRONICS 


Are  you  a  buyer  of 
tubes — aircraft  or 
ground  electronics? 


U.S.A.center  for 

TUBES 

and 

ELECTRONICS 


SEND  FOR  OUR  NEW  FREE  CATALOG! 

How  many  copiei  do  you  need?  We  ipecialUe  ia  wholeeale  and  export.  Huge  Inventory. 
Call  Republic  S-021S  or  write  .  .  . 

V  &  H  RADIO-ELECTRONICS 

2029-2047  West  Venice  Blvd.  lot  Angeles  6,  CaKf. 


RADIO  RESEARCH 
INSTRUMENT  CO. 


550 

FIFTH  AVE. 
NEW  YORK 
JUDSON 
6-4691  '' 


F-2B/APN-19  FILTER  CAVITY 

J&n.  Tlmrablf*  2700-3000mc.  l.ridb  Diftx.  tofm 

et  ctr  frei)  over  band.  DetAlU:  Insertifin  Iohk  vari¬ 
able.  Single  tuned  Alter  for  freq  chann*  Hina  in 
raiUr  bea4*<»n.  SUvrr  platHl  cimx  r(-a«nator.  Invar 
Center  tuning  con<lu<’t<»r  %  wavelength.  Tuneable 
9-11.2<*ni.  l.A>aded  Q  LVi-ttVl  for  ln?«ertioD  Iona  at 
band  ctr  Idb.  for  Iona  2  to  dh.  Kand 

center  Atable  to  Imc/Nec  for  100  deg.  ('  amb.  temp 
change.  A  double  tuned  ert  with  a  flat  response  over 
wider  band  pasA  and  les«  critical  tuning  had  by 
rplg.  two  niters  in  neriea.  New  $.*17. .50  each. 

3CM.  Praelaiaa  Tuba  Mount.  Waveline  model  a8R. 
X  hand  shielded  klystron  niotint  ritl)  signal  gen¬ 
erator  type,  ('omplete  with  variable  glass  \ane  at¬ 
tenuator.  Itrand  new.  $20.'i,  t'atalog  l*rlce.  IHir 

I*rlre. 

TS  130/UP  **L**  band  slotted  line.  I>>iuipped  with 
type  N  flrting.  Mfg.  Western  Klectrlc.  Brand  new. 
fl.%0. 

C  &  H  Bends:  RC;.')2  X  hand.  114.50  ea.  R(M8 
8  band.  $25.00  ea. 

SPERRY  KLYSTRONS 

SMX-r>2  two  wattA  at  9- 10. .'KMC  $42.5. 

8M<’-11A  one  watt  at  4fi40-4«7<hnc.  $495. 

All  brand  new  with  90  day  guarantee. 

AN/APS- 10  RF  HEAD 

3cm.  lOkw  mitput,  hydr«Tgeti  thyratron  mod 
briFppA  .8  microAec..  rcur  30  me  IF  5.5  nir  liand- 
width.  I’ses  ;to  tubes  .'ixtals  plus  2J42  magnetron. 
$.*575  ea.  Fully  desc.  mit.  rail.  lab.  Herlea  Vol,  1 
pg  01  a- 025. 

SCR  564  SKYSWEEP  ANTENNA  PEDESTAL 

Full  azimuth  and  elevati(»n  «ueeps.  .500  deftre«> 
azimuth.  2ti5  degree  eleiathm.  .Vccuracy  ±  ooi*  ml] 
or  better  in  angle,  a  ft.  dish,  fUlty  desc  MIT.  radia¬ 
tion  lab  series  Vol  I  pg  284  and  20K.  For  full 
tracking  response.  Includes  pedestal  drives  sel- 
syn»*.  etc.  Kxcellent  used  condition.  Tills  Ik  the 
first  time  these  pedestals  have  been  available  for 
purchase,  Control  consoles  also  In  stock. 


2.S  KW  PRESS  WIRELESS  XMTR.  Type  l*W- 
981A  2-23  me.  cw  and  freq.  Hblft  ttelet.vpe)  Mo 
25  XTAL  chanoelA.  Complete. 

3CM.  KLYSTRON  MOUNT 

2K25-723A  B  mount  with  cplg.  to  wavegtilde  nm 
and  afc.  Shielded  tnrl.  tuning  rod.  Matching  tune¬ 
able  output  slugs.  l>ual  crystal  mnuitt.  i*wr  cable 
w/mln.  plug.  Brand  new.  $28.50. 

2  Watt  X  Band  Power  Source:  mfg.  Sperrr.  D«*- 
liiers  2  full  watts  KF  at  X  iiand.  a  ft.  rack  U5r 
ac  Input.  Brand  new.  Also  delivers  1  watt  at  C 
band  i44M«»mci  and  7.50  me  rf.  I*rlce  complete  with 
all  tubes,  ^td.  $2500 

’a"  RIGID  COAX.  5ir  <»hin.  .standard  flttings. 
litem  stub  supported.  12  ft.  lengths.  Hllver 
plated.  New  $.54.50  e^ch.  12  ft.  length  Bight 
angle  bends  la  ea. 

COAX  MAGNETRON  COUPLING.  <;<>ld 
plat«-d,  less  M  nut.  $18. .50.  Brand  New. 
CRYSTAL  MOUNT  X  kand.  Bn»ad  handed  BNC 
(tefloni  outptit  t'<;r59  Flange  Input.  Mfg.  Alnrrni. 


New  $21.50.  1*4  X  H'  X  hand  ir  Western  Klec. 
.New  $19.50. 

COAX  MIXER  ASSEMBLY  IN2I  type  crystal  de¬ 
tector  KF  to  IF.  ‘N*  fittings,  niatehing  Hltig,  du¬ 
plex  cr>upilngs.  mfg  tl.  K.  New.  $18.  50. 

TAPER.  fU;51  to  f{<;52  <IW  x  S'*  to  1  x  H'*) 
Knionth  Klectmform.  Standard  Flanges.  .New  $ia.50. 

3KW  400  CYCLE  SOURCE 

Complete  generatf>r  set  I1.5vdc  4111*  motor  leaslly 
swapp*s|  lor  standard  tSK  or  other  ll.5v  00  cycle  .\C 
tmgorl  speed  regulated,  tvenerator  outptit  115  volts 
4iNi  cycle  single  phase  17.4  amps  cimtlnuotis  duty, 
thitput  electnmically  regulated.  Built  to  rigifl  I  S 
Navy  spec.  In  excellent  UK«-d  condition.  A  new 
"•pFs-ial  price  $285. oO.  With  115V.\C  fiO  cvcie  single 
phase  motor  $5**"  Incl.  compi  regulator  THIS  IS 
NOT  A  STRIPPED  SET  AS  SOLD  ELSEWHERE 
Coniplete  with  TIfVB  regulator.  m«»tor,  as  sup¬ 
plied  to  tJ.  R.  Nary. 


WE  OWN  THE  EQUIPMENT  WE  $ELL->IN  STOCK^ 

FOR  SALE:  COMPLETE  RADAR  SYSTEMS 


SCR-S84  30  ft  trailer.  Sk.vswe4>p  antenna  system. 
1*1*1  Indicator  -f  Bill.  10  cm.  High  power  for 
airway  cffiitml.  Missile-satellite  tracking.  Badlo  as¬ 
tronomy.  K.AI>.  Good  as  new.  Absolutely  complete. 
lAN/GMO-ll  MFG.  G.E.  rawin  set  for  radio¬ 
sonde,  1100  m^.  .Automatic  tracking  telemeter  Info, 
receiving  set.  6  ft  dish.  Incl.  Reror«ling  eiitiiptnenr 
Compi  w/MenoK.  amplidynes.  etc. 


RESISTORS 

LEGRI  S  COMPANY 

391  Riverdale  Ave.,  Yonkers  5,  N.  Y. 


AN^MPN-IA  (<;C.\>  Groimd  f'ontrol  .\pproach 
Radar.  30  ft  trailer  with  3cm  precision  and  Hfcm 
Search  Radars  as  used  hr  C.\.\.  KiiU  desc.  Vol, 
11  MIT  Had  Ixab  Series  Sec  8.13. 

SO-9‘275  kw  Compact  wt.  488  lbs.  rotating  yoke 
1*1*1  4.  20.  80  mile  rangt's.  Ideal  for  weather 
forecasting.  Brand  new.  FCt*  approved  $950. 


Money  Bavlng  pricat  on  tubet.  TV.  Radio.  Trant- 
fnitting.  and  Industrial  Types.  New.  1st  auality. 
giiarantaod.  Top  namo  brands  only.  Govornment 
surplus  and  commercial  test.  lab.  and  communica¬ 
tions  oQuipment  in  stock.  Sell  us  your  excess  tubes 
and  equipment.  Unused,  clean  tubes  of  all  types 
wanted  Send  spocific  details  In  first  letter.  Write 
for  **Groon  Shoet"  catalog  2Sc. 

BARRY  ELECTRONICS  CORF. 

512  Broadway  WA  5-7000  New  York  12.  N.  Y. 


LARGEST  STOCK  OF 


RELAYS 


IN  THE  WORLD 

SOLENOIDS*  STEPPERS 
SENSITROLS 

PRODUCTION  QUANTITIES 

MOST  MAKES  IN  STOCK 
Send  for  Latest  Catalog  E 


Ip-','.' .  V,  \v\ 

niversal  relay  corp. 

formerly  UmtveremI  QeeermI  Ctg 


GENUINE  OAK  WOOD 

^7Uique 

TELEPHONES! 


“Searchlight” 

IS 

Opportunity  Advertising 

— le  h*lp  Tou  gat  what  you  want — to 
halp  you  tall  what  you  no  longar  naad. 

Take  Advantage  Of  It 

For  Erary  Busiaats  Wont 
"THINX  SEARCHUGHT  FIRST" 
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WAR  TtRMINATION  INVINTORIfS 

WRITE  OR  WIRE  FOR  INFORMATION  ON  OUR 
COMPLETE  LINE  OF  SURPLUS  ELECTRONIC 
COMPONENTS.  ALL  PRICES  NET  F.O.B 
PASADENA,  CALIFORNIA 


C&H 

SALES  CO. 


}176*C  Cent  Colorodo  St. 
Poftod«no  8.  Celifor*'*'* 
RYon  1  7393 


INVERTERS 


10042- 1 -A  Bandix 
DC  Input  14  volts; 

Output:  IIS  volts; 

400  cyclts.  l-phose.  SO  watt  $3S  00 

121 16-2  A  Bendix 

Output:  IIS  VAC;  400  cyc:  sin^la  phase  45 
amp.  Input:  24  VOC,  S  amps  $2S  00 

121 17  Bandix 

Output;  6  volts;  400  cycles.  6  volt  ampetas 
I  pnasa.  Input:  24  VDC;  I  amp.  SIS  00 
I2I2I  Bandix 

Input;  24  volt  D.C.  18  amp.  12000  r.p.m. 
Output:  IIS  volts,  400  cycia,  3-phasa.  2S0 
volt  amp  7  pf.  S4R  50 

12123  Bandix 

Output:  IIS  V;  3  phata;  400  cycia;  amps 
.S;  Input:  24  VDC;  12  amp  S4«  SO 

12126-2  A  Bandix 

Output:  26  volts;  3  phasa;  400  cycia;  10 
VA;  6  PF.  Input;  27. S  volts  DC;  1 .2S  amps. 

S24  SO 

12142  l-A  Bandix 

Output;  IIS  volts,  3  phasa,  400  cycia,  2S0 
VA.  Input;  27S  VDC,  22  amps.  Voltage 
and  fraquancy  raquiatad.  SRR  SO 

12147-1  Pionaar 

Output;  IIS  VAC,  400  cyclas;  singla  phase 
Input:  24-M  VDC;  B  amps.  Slt.fS  aach 
10285  Laland 

Output:  IIS  volts  AC;  7S0  VA.  3  phasa,  400 
cycia,  .90  pf  and  26  volts.  SO  VA  singla 
phasa.  400  cycia,  .40  pf  Input;  27. S  VDC. 
60  amps  cont  duty,  6000  rpm.  VoltaM  and 
fraquancy  raquiatad  SS9  SO 

I0S63  Laland 

Output;  IIS  VAC;  400  cycIa;  3-phasa.  IIS 
VA;  7S  pf.  Input:  36.S  VACi  12  amps  SIS  00 
FI6  Jack  &  Hainti 

Output;  IIS  volts,  400  cycia,  I  or  3  phata, 
2S0  VA  pf.  9  Input;  27.3  volts,  20  amp 
Elactronic  fraqsMncy  and  voltaqa  requiatad 

S99  SO  aach 

PE  109  Laland 

Output:  IIS  VAC,  400  cyc.;  sinqia  phata. 
I.sj  amp.;  0000  rpm.  Input:  I3S  VDC,  29 
amp  SSO  00 

PE2I8  Laland 

Output:  IIS  VAC;  singla  phasa  pf.  90; 
380/S0O  cycia;  ISOO  VA.  Input;  2S-28  VDC: 
92  amps.;  8000  rpm.;  Exc.  Volts  27. S 
BRAND  NEW  SM  00 

AN  3499  Eicor,  Class  "A" 

Input:  27.3  volts  at  9.2  amps.  AC.  Output; 
IIS  volts,  400  cyclas;  3  phasa.  100  voltamp. 
continuosn  duty.  Rrica  SJ9  SO  aach 


MG54D  BENDIX  INVERTER 

Output;  200./ 1  IS  volts;  400  cycia,  Singla  or 
3  phasa:  80  pf,  2S0  VA.  input;  28  VDC,  22 
amps  $99  50 

C784I0  Repeatar  IISV  60  cy.  20  00 


DIFFERENTIAL 

Siia  2I|"  long,  lU" 
dia.  1-1  raverse  ratio. 
Va"  shaft  on  each  and; 

one  shaft  2S  32"  long, 

ona  shaft  IS  32"  long. 

Input  and  output  gear 
1-23  32"  dia.  S3  teeth. 
Stock  No.  ISO  $3  SO  ea. 


SIMPLE 

DIFFERENTIAL 


400  aCLE,  3  PHASE  GENERATOR 

BY  MASTER  ELECTRIC 

Type  AG,  frame  364Y, 
7.S  kw,  3428  rpm,  pf 
.95.  Star  connected 
120/206  3  phase  22 
amps.  Delta  connected 
120  volt  single  phase 
66  amps.  Self  excited. 
Complete  with  control 
box,  voltage  regulator, 
AC  voltmeter  and  fre- 

Suency  meter.  Shaft  1" 
ia.,  2"  long;  overall 
dim.  of  unit:  2l"x18"x 
20" 

Price  S39S  00  aach 


"1 

ICT  cont.  Trans  90 '55V  60  cy. 

S34S0 

IDG  Diff.  Gan  90 '90V  60  cy. 

34  50 

IF  Syn.  Mtr.  IIS '90V  60  cy 

34  50 

1G  Gan.  IISV  60  cy 

37  SO 

IHDG 

37  SO 

IHCT 

37  SO 

IHG 

37  50 

ISF  Syn.  Mtr.  IIS'VOV  400  cy. 

12  SO 

2J1fl  Gan  115/57.5V  400  cy. 

7  SO 

2J1F3  Gan.  IIS  57.5V  400  cy. 

10  00 

2JIFA1  Gan  IIS  S7  SV  400  cy. 

7  50 

2J1C1  57.5/57.5V  400  cy. 

5  00 

2JIHI  Diff  Gan.  S7.5V  400  cy 

7  SO 

2J50I  Cont  Trans.  105  55V  60  cy. 

17  SO 

2J5F1  Cont  Trans.  105  55V  60  cy. 

17  SO 

2J5HI  Gan.  IIS  lOSV  60  cy 

2JI5MI  Gan.  II5/57.5V  400  cy. 

17  50 

17  50 

5CT  Cont  Trans.  90  55V  60  cy. 

34  50 

50  0i«.  Mtr.  90  90V  60  cy. 

34  50 

500G  Din  Gan  90  90V  60  cy. 

34  50 

SF  Syn.  Mtr.  IIS  '90VAC  60  cy. 

34  50 

5G  Syn.  Gan.  II5/90VAC  60  cy. 

34  50 

5HCT  Cont.  Trans.  90.  55V  60  cy. 

37  50 

SSDG  Diff  Gan.  90  90V  400  cy. 

12  SO 

60G  Diff  Gan.  90/90V  60  cy. 

25  00 

6C  Syn  Gan  IIS  90VAC  60  cy. 

34  50 

7G  Syn  Can  II5/90VAC  60  cy 

42  SO 

C56701  Type  11  4  Rap  IISV  60  cy. 
C69405-2  type  l-l  Transm.  IISV  60  cy. 

20  00 

20  00 

C69406  Syn.  Transm.  IISV  60  cy. 

20  00 

C69406-1  Type  11-2  Rap  IISV  60  cy. 

20  00 

C76166  Volt.  Rk  IISV  60  cy 

1000 

C78248  Syn.  Transm.  IISV  60  cy. 

12  SO 

C78249  Syn  Diff  IISV  60  cy. 

5  00 

C78863  Repeater  IISV  60  cy. 

C79331  Transm.  Type  1-4  IISV  60  cy. 

7  SO 

20  00 

SSI  Bandix  Autosyn  Mtr.  22V  60  cy. 

7.50 

403  Kollsman  Autosyn.  Mtr  32V  60  cy. 

7.50 

FPE  2S-1I  Diahl  Servo  Mfr. 

75  IISV  60  cy. 

19  SO 

FPE-43-1  Resolver  400  cy. 

19.50 

FJE-43-9  Rasolvar  IISV  400  cy. 

1500 

^  '  ’9  '  reverse  ratio;  48 

teeth  on  input  and  out- 
put  gear,  1-1/32  inch  diameter. 
Total  outside  diamatar  I -25/ 32 
inches.  Shaft  size  is  Vii  inch. 
Ona  shaft  is  9/16"  long;  other 
Stach  Na.  151  shaft  Is  3/16"  long.  $5.00 


HIGH-QUALITY 
OPTICAL  PARTS 

S"  Schmidt  Ultra  ^ 

Hi-Spaad  Obiactiva  I 
Lens  System  I 

Eostnson  KocJok  in- 
Ira-red  receiver,  _ 
formerly  krsown  os 
U.S.  Novy  Metascope,  Type 
B  7"  loog  with  5"  SCHMIDT /|^\'  I 
ultra-high  speed  Obiectiveu  TwBLI 
Lens  (approx,  f  0.5).  Elobo* 
rate  optical  system,  many 
coated  lenses.  Uses  2  pen- 
light  batteries.  Govt,  cost  op- 
prox.  $3(X}.  Foctory-new,  Ship- 
ping  wt.  9  lbs.  Price  $19.9S 
Waterproof  Carrying  Case,  extra.  Shipping 
wt.  3  lbs.  Price  $3.00 

Dual  purpose  U.S.N.  floodlight  throws 
strong  beom  of  invisible  infro-red  rays. 
With  infra-red  lens,  spore  sealed  beom 
lamp,  batteries.  Shipping  wt.  23  lbs. 

Price  $14.95 


ESTERLINE-ANGUS 
RECORDER 

DC  Milliameter  permanent  mag¬ 
net  moving  coil  type.  Spring 
clock  dual  speed  drive  (hour 
and  minute).  Instructions,  con¬ 
nection  diagrams  and  instrument 
data  sheet  with  each  instrument. 
Portable  Case. 

New.  Price  $250  00 

Model  AW  0-1  MA 


GENERAL  ELECTRIC  AUTO  PILOT  DIREC¬ 
TIONAL  GYRO  IN¬ 
DICATOR  and  CON¬ 
TROL  UNIT 

Mod.  8K63AC.  ns  volts. 
400  cps,  3  phase,  40 
watts.  Has  settable  in¬ 
duction  pick-off. 

Price  $10  00 


VARIABLE  SPEED  BALL  DISC 

INTEGRATORS 

No.  145 

Forward  &  Reverse  2’/i-0-2V4.  Input  shaft 
spline  gear  12  teeth  9.  32"  dia.  long.  Out¬ 
put  shaft  I  S/64"  dia.  x  IS.  32"  long.  Control 
shaft  11  32"  X  H"  long.  Cast  aluminum  con¬ 
struction.  Approx,  size  3"  x 

No*  146'  ^3^- 

Forward  &  Reverse  4-0-4.  In-  dd|%B7g|>|^ 

put  shaft  5- 16"  dia.  x  %" 

long.  Output  shaft  IS  64" 

dia.  X  9  16"  long.  Control  ^ 

shaft  II  64"  dia.  x  11/16" 

long.  Cast  aluminum  con-  <17  <0  an 

struction.  Approx,  size  AW' 

X  AW  X  4". 

(All  Shafts  Ball  Bearing  Supported) 


SMALL  DC 
MOTORS 


(approx,  size  overall  33k"  x  Wa"  dia.:) 

S067I26  Dalco  PM,  27  VOC,  125  RPM, 

Governor  Controlled  $15.00  •• 

S069600  Dalco  PM  27.S  VOC  2S0  rpm  12 

5069230  Dalco  PM  27.5  VOC  145  rpm  15 

S0687S0  Dalco  27.5  VOC  160  rpm  w.  brake  6 

5068571  Dalco  PM  27.5  VDC  10,000  rpm 

(1x1x2")  S 

5069790  Dalco  PM.  27  VDC.  100  RPM, 

Governor  Controlled  15.00 

5BAI0A1I8  GE  24  VDC  110  rpm  10 

SBAI0AJ37  GE  27  VOC  250  rpm  reversible  10 
5BA10AJ52  27  VOC  145  rpm  reversible  12 
5BA10AJS0,  6.E..  12  VOC,  140  rpm  IS 

206-1(X)l  PM  Planetary  Gear  Reduced 
Motor  with  Magnetic  Brake.  Mfgd.  by 
Air  Equipment  26  volts  600  ma  145  rpm  17 
SBAI0FJ33,  G.E.,  12  VDC,  56 rpm  reversible  IS 
806069  Ostar  series  reversible  1/SO  h.p. 

10,000  rpm.  27.5  VDC  13b"  x  3Vi"  3 
C-28P-1A  27  VOC  1/100  h.p.  7,000  rpm  3 
7100-B-PM  Hansen  24  VDC  160  rpm  7 

SSF0-6-2S  Diehl  PM  27.5  VOC  10,000  rpm  4 
6-volt  PM  motor  mfod.  by  Hansen  5.0(X)  rpm 
1's"  in  dia..  2"  tong  overall  4.00 
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^  If  the  cost  of  metal  stampings  and  wire  " 
i  forms  figures  in  your  profit  picture,  let  I 
g  us  give  you  a  quotation  on  your  current  * 
H  components.  Send  us  a  sample  or  blue- 1 
^  print ...  and  discover  how  big  savings  m 
1  in  time  and  production  costs,  big  gains  I 
in  precision  and  uniformity  are  possible  . 
I  on  small  components,  when  Art  Wire  | 
I  tackles  the  job!  | 

-  Our  engineering  staff,  our  production  _ 
I  experience,  and  our  modern  high  speed  | 

■  equipment  are  always  at  your  disposal,  a 
If  you  wish  to  learn  more  about  what  a  ■ 
I  wide  and  versatile  range  of  shapes  and  I 


D  ft  R  Ltd . 
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DrMomay-BonardI  . 

Deutkch  Co.,  Thr . . 
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146  ComiHiny,  J.  M  . 

36  North  .American  .Aviation,  Ine 
48 
3.3 
106 
1.3.3 


parts  we  can  produce  for  you— at  lower 
cost  than  you'd  guess— just  write  for 
our  illustrated  folder. 
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Polytechnic  Rekearrh  ft  Itevelopment  Co. 
Inr . 


Fairchild  ControU  Corp.,  Componenti 

DIvIklon  . 

Friker  Manufartuiinu  Co . 

Fenwal  Faertronirk,  Inr . 

Film  Capnrltork,  Inr . 
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PORCELAIN  COMPANY 


FRENCHTOWN.  NEW  JERSEY 


r  alumina  ] 
ceramics 

for  electronic-  applications 


Mow  you  can  apply  the 
unique  properties  of  alu¬ 
mina  ceramics  to  special 
electronic  projects; 


% 

H  ■■ 
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•  Can  be  metallized  and  hermeti- 
cally  sealed  to  various  metals  by  = 
hiRli  tempcratuie  brazing. 

Frenchtown  alumina  cer-  = 
amics  are  produced  in  a  = 
variety  of  sizes  and  ^ 
geometries,  either  in  pro-  ^ 
totype  or  production  ^ 
quantities.  Dense  shapes  « 
of  over  200  cubic  inches 
have  been  manufactured.  ^ 

To  engineers  and  scien-  ^ 
tists  who  wish  to  learn  ^ 
more  about  the  capabili-  ^ 
ties  and  limitations  of 
alumina  ceramics,  French-  = 
town  welcomes  the  op-  — 
portunity  to  assist  in  the  ^ 
selection  and  proper  utili-  ^ 
zation  of  these  amazing 
materials.  This  assistance  ^ 
is  directed  toward  obtain-  == 
ing  optimum  performance,  = 
simplifying  complexity,  ^ 
reducing  cost  and  expedit-  ^ 
ing  delivery. 

Technical  literature  ~ 
will  be  sent  upon  retjuest.  3 


I  iir^r  KIri-trIr  TmiU  Inr .  i:ifl 

I  iiltrti  TrMiii»forfn«*r  .  tnil  I’o^rr 


\MrlMn  . 241.  112 

\  Inr . . .  It 


Wtttrr*  \lHiiiifMrturliiK.  Inr . HI.  112 

WrliHM'lirl  l-^nrr.  A  Mfi.  IftI 

IVrl%i>n  Inlrmntioiml  lnr....« .  1.37 

3%>«tlnirli«Mi«r  E2r«‘trlr  I'orp .  ti 

linslriimriil  r«»r|»..  m  l>hl*»loii  of 
llii>«tr<Rffn.  Inr .  107 
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ELECTRONIC  RELAY 

-  ^ 

1 

NO  MOVING  PARTS 
yet...SNAP  ACTION! 


•  Switching  either  AC  or  DC 

•  Pull  In  18  VDC 

•  Drop  Out  7  VDC 

•  Coil  circuit  isolated  from 
switching  circuit 

•  Completely  potted 

•  No  vibration  problems 

•  No  contact  bounce 

•  No  contact  contamination 

KNOM  ALSO  MANUFACTURES 

ELECTRONIC  TIMERS 
ELECTRONIC  FIASHERS 


Profctsiona]  Services 


AREAS  RfEN  EOR  MAWIf  ACTVRCRS  REFtfSENTATim 


EMPLOYMENT  OPPORTUNITIES .  1S4.1S9 


EQUIPMENT  I 

(Used  or  Surplus  New) 

For  Sale  . 160-161  ' 


2660^64  SO.  lACIENEGA  BOUIEVARD 
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SPECIAL  ELECTRICAL  OR 
ELECTRONIC  COMPONENTS 


Tripirtt  Klrd'trlrnl  liiwtriininit  C< 
Tiing-H«»l  KIrA'trIr,  Inr  . 


Puttrr  A  tlriimttrld.  Inr 
l*o%%rr  Dr*»lgii«.  liM* . . 


Tiiylor  Fibre  Co  . 

*rrrlini»log>  liiwtriiniriit  Corp  . 

Trktronis.  Itir.  . 

Trxim  ln»lnimriit«  liir«RrporMtr«l . 

TrtinHitnHi.  Inr . . 


•  Low  dielectric  losses  al  all  mi¬ 
crowave  frequencies. 


•  Extremely  high  mechanical 
strength  in  conjunction  with 
thermal  stability  and  chemical 
inertness. 
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...about  a  Fast, 
Reliable  Way  to  Plot 
Myquists! 

Only  one  instrument,  the  Servoscope* 
Servosystem  Analyzer,  provides  all 
the  necessary  data  to  plot  a  Nyquist 
dia^am  for  any  servosystem  or  com¬ 
ponent.  Either  sine,  square,  or  modu¬ 
lated  carrier  wave  signal  is  available 
as  the  input  to  your  system.  Each  of 
the  selected  frequencies  is  fed  in 
turn  into  the  system.  By  turning  the 
calibrated  phase  dial  for  a  null 
pattern,  the  resulting  quantitative 
changes  are  read  directly.  Signal 
amplitude  (voltage  gain  ratio)  is 
read  direcj^  from  the  associated 
indicator.  The  Nyquist  diagram  is 
completed  by  plotting  phase  and  gain 
for  each  of  the  select*^  frequencies. 

Servoscope  is  the  only  single 
instrument  that; 

•  C^ers  the  frequency  range  from 
0.001  to  1(X)  cps  through  choice  of 
5  standard  models. 

•  Evaluates  both  AC  carrier  and  EXH 
servosystem. 

•  Provides  all  the  following  signals 
—  sine  wave,  modulated  carrier 
wave,  and  square  wave  phaseable 
with  respect  to  either  electronic 
linear  sweep  or  sinusoidally  modu¬ 
lated  reference  signal. 

•  Has  a  frequency  calibration  accu¬ 
racy  of  ±2%;  phase  measurement 
accuracy  of  ±.V. 


Accepts  any  carrier  frequency 
from  50  to  2000  cps. 

Requires  no  calibration. 

Indicates  by  means  of  associated 
oscilloscope,  oscillograph,  phase 
meter,  or  frequency  meter. 


Chief  Control  Systems  Engineer 

Send  for  the  full  $tory  on  Seruotcope 
Servoeyetem  Analyzer.  Ju»t  addreta  your 
requeat  on  your  company  letterhead  to 
Dept  TWF. 


CORPORATION 


20-20  Jcrlcbo  Tnpte,  New  Ilyde  Park,  Pk  I..  N,  T, 
WESCON  BOOTH  lSOI-2 
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Barry  Electronics  .  1S5 

Bristol  Co.,  The .  1S4 


CBS-Hytron  .  154 

C  &  H  Sales  Co .  161 

Chrysler  Corporation  .  158 


Edo  Corporation  .  158 


AUL^jt^JlcL*  f2A£jdAJLOtL 

DOUBLE-STUB 

TUNERS 


os-1 09  I  .75-10 

OS- 1091  I  .4  '.*4 
0S-109Ll|  .2  -2 


Fidelity  Personnel  Service .  159 


General  Electric  (HMEE)  .  159 

General  Electric  (LMEE) .  156 

Goodyear  Aircraft  Corp .  156 


Kaman  Aircraft  Corp .  155 


•  Chart  en  bos*  for 
easy  matching. 

•  Collect-type  locks 
prevent  accidental 
movement  of  stubs. 

e  Adjustable  spacing 
between  stubs. 

•  Wlde-ronge  Imped- 
once  matching. 

eMInImum  noise 
with  short  in  motion. 

•  Adjustable  height 


Legri.  S.  Co. 
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Philips  Electronics  Inc . . .  159 


Radio  Research  Instrument  Co. 


Sikorsky  Aircraft  .  156 

Sylvania  Electric  Products  Inc . .  157 


Precious 
Metals 
Plated 


ON  ANY  PART  — 
TO  ALL  SPECS 


Telephone  Engineering  Co. 


Universal  Relay  Corp. 


V  &  H  Radio-Electronics. 


,60  GOLD,  SILVER,  PLATINUM, 

RHODIUM,  PALLADIUM... the 

precious  metals  generally  cost  the 
same,  no  matter  where  you  buy 
160  them.  But  you  do  get  more  for 

your  money  when  you  buy  pre¬ 
cious  metal  plating  from  Harjicr- 
I  Leader.  You  get  the  full  benefits 
of  the  engineering,  metallurgical, 
and  other  highly  specialized  serv¬ 
ices  of  Harper-Leader’s  technical 
staff. 

j  Send  for  Bulletin  E-58 


This  index  is  published  at  a  Mrviee.  Every  care  is 
taken  to  make  it  accurate,  but  ELECTRONICS  asiumes 
no  responiibilities  lor  errors  or  omittiont. 


.  j^|HARPER-LEADER,  INC. 

~  t  Waterbury  20,  Conn# 
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Better  shape  factor 

over  wider  frequency  range 

Do\/Gn*s  now  EGG  CRATE  LC  filters*  • » 


( 'enter  frequrvry:  rovcru  thr  rnu'jt:  from  O.i  MC  tu  60. 0  SU' 
)iei>t'ndi»g  upon  spirijir  rrifuin:mt'.iit».  Center  tregucucn  shi~ 
hililif:  ±/.0  KC  per  MC  front  ~.'>!i°C  In  +//>.;“('.  Shnpe  factor: 
l>\\'f;i) ' fiWf;  toJ.I.  Shu pr  factors  ran  he  nnutifirtt  for  optiniuni 
time  iielatj. 

In  addition  to  these  outstanding  specifications,  Daven's 
new  LC  filters  offer  a  unique  type  of  construction  which  makes 
them  the  most  rugged  filters  ever  built.  Small  cells  are  welded 


together  to  form  the  partitioned  shield  compartment...  making 
this  the  first  filter  with  truly  continuous  mechanical  and  elec¬ 
trical  bond. ..providing  a  high  degree  of  inter  circuit  shielding. 

Daven's  new  LC  filters  are  ideal  for  shaping  the  pass  band 
of  AM  FM  or  FM  FM  data  link  receivers,  double  or  single  side 
band  receivers  and  generators,  direction  finding  receivers,com- 
munication  and  telemetering  receivers,  and  spectrum  analyz¬ 
ers.  So  versatile,  in  fact,  that  applications  are  almost  limit¬ 
less.  Write  today  for  complete,  newly-published  technical  data. 


L.IVINGSTON,  NEW  .JERSEY 


TODAY,  MORE  THAN  EVER,  THE  DAVEN  (§)  STANDS  FOR  DEPENDABILITY 


Improved 

RCA-6AU4-GTA 

^  offers 


for 

extended 

useful 


Preferred  Tube  Type  for  TV  Damper  Circuits 


The  outstanding  features  of  the  improvetl 
RCA-6AU4-GTA  make  it  a  highly  de¬ 
pendable  tube  in  horizontal-dellection 
circuits  of  TV  receivers.  A  Preferred 
Tube  Type,  the  6AU4-GTA  exhibits  an 
unusual  ability  to  resist  plate-to-cathode 
arcing  and  internal  breakdowns.  This 
ability  is  derived  largely  from  its  cooler 
operation  and  improved  construction. 

Better  heat  dissipation  is  achieved 
with  an  increased  bulb  area,  new  plate 
shape,  an  improved  “getter”  design  and 
the  use  of  special  “clad”  plate  material. 
Excellent  uniformity  and  adherence  of 
the  cathode  coating  plus  a  cooler  oper¬ 
ating  heater  provide  a  more  uniform 


cathode  temperature. 

Borderline  tubes  are  eliminated  by 
means  of  emission  te.sts  at  extremely  low 
heater  voltage.  Continuous  monitoring 
through  the  use  of  cycled  opm  ational  life 
tests  plus  cathode  coating  adherence  tests 
provide  further  performance  checks.  The 
result  is  a  tube  you  can  rely  on! 

The  RCA-GAU4-GTA  is  just  one  of  the 
62  Preferred  Tube  Types... selected  to 
meet  most  of  your  TV,  AM  and  FM  re¬ 
ceiver  requirements.  Like  the  6AU4- 
GTA,  each  Preferred  Tube  Type  is  noted 
for  its  quality,  economy  and  popularity. 

Ask  your  RCA  Representative  for  the 
current  list  of  proved-in-service  Pre¬ 


ferred  Tube  Types.  Or,  write  RCA  Com¬ 
mercial  Engineering,  Section 
Harrison,  New  Jersey. 

FREE!  SLIDE-GUIDETO  PREFERRED 
TUBE  TYPES  helps  you  quickly  select 
the  RCA  Preferred  Tube  Type  for  a 
specific  service.  Gives  ba.se  diagrams  and 
characteristics.  Call  or  write  your  RCA 
Field  Office  for  your  “Slide-Guide”.  " 


RCA  Field  OHIces 


lASt:  744  Brood  Sfroof 
Nowork  2.  N.  i  • 


HUmboldt  $-3900 


MIClW0St:  Suit*  1 1 S4,  Morchondiio  Mort  Ploxo 
Chkogo  34,  III.  •  WHitoKoM  4  2900 

6333  E.  Wothinglon  Blvd. 

lo»  Angtiot  22.  Colif.  •  RAymond  3*8361 


RADIO  CORPORATION  OF  AMERICA 

Electron  Tube  Division  Harrison,  N.  J. 


